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SUMMARY 
 
Introduction and objectives 
In Vietnam, the forest resources have been declining and degrading severely in recent 
years. The degradation has decreased the natural forest area, changed the forest 
structure seriously and reduced timber volume and biodiversity. From 1999 to 2005, 
the rich forest area has decreased 10.2%, whereas the poor secondary forest has 
increased dramatically by 20.7%. 
 
Forest structure plays an important role in forestry research. Understanding forest 
structure will unlock an understanding of the history, function and future of a forest 
ecosystem (Spies, 1998). The forest structure is an excellent basis for restoration 
measures.  
 
Therefore, this research is necessary to contribute to improving forest area and quality, 
reducing difficulties in forest management. The study also enhances the grasp of forest 
structure, structure changes after harvesting and fills serious gaps in knowledge. In 
addition, the research results will contribute to improving and rescuing the poor 
secondary forest and restoring it, approaching the old-growth forest in Vietnam. 
 
Material and methods 
The study was conducted in Kon Ka Kinh national park. The park is located in the 
Northeastern region of Gia Lai province, 50 km from Pleiku city center to the 
Northeast. The park is distributed over seven different communes in three districts: 
K’Bang, Mang Yang and Đăk Đoa. 
 
Data were collected from 10 plots of secondary forests (Type IIb) and 10 plots of 
primeval forests (Type IV). Stratified random sampling was applied to select plot 
locations. 1 ha plots were used to investigate gaps. 2000 m2 plots were used to 
measure overstorey trees such as diameter at breast height, total height, crown width 
and species names. 500 m2 subplots were used to record tree positions. For 
regeneration, 25 systematic 4 m2 subplots were established inside 1 ha plots. 
 
After data were collected in the field, data analyses were conducted by using R and 
Excel. Firstly, some stand information, such as density, volume and so on, was 
calculated, and then descriptive statistics were computed for diameter and height 
variables. Linear mixed effect models were applied to analyze the difference of 
diameter and height and to check the effect of random factor between the two forest 
Summary 
XIV 
 
types. Diameter and height frequency distributions were also generated and compared 
by using permutational analysis of variance (PERMANOVA). Non-linear regression 
models were analyzed for diameter and height variables. Similar analyses were 
implemented for gaps. Regarding spatial point patterns of overstorey trees, replicated 
point pattern analysis techniques were applied in this research. For biodiversity, some 
calculations were run such as richness and biodiversity indices, comparison of 
biodiversity indices by using linear mixed models and biodiversity differences 
between two forest types tested again by permutational analysis of variance. In terms 
of regeneration, some analyses were implemented such as: height frequency 
distribution generation, frequency difference testing, biodiversity indices for the 
regeneration and spatial distribution checking by using a nonrandomness index. 
 
Results and discussion 
After analyzing the data, some essential findings were obtained as follows: 
 
Hypothesis H1 “The overstorey structure of secondary forests is more homogeneous 
and uniform than old-growth forests” is accepted. In other words, the secondary forest 
density is about 1.8 times higher than the jungle. However, the volume is only 0.56 
times as large. The average diameter and height of the secondary forest is smaller by 
5.71 cm and 3.73 m than the old-growth forest, respectively. Linear mixed effect 
model results indicate that this difference is statistically different and the effect of the 
random factor (Section) is not important. Type IIb has many small trees and the 
diameter frequency distribution is quite homogeneous. The old-growth forest has more 
big trees. For both forest stages, the height frequency distribution is positively skewed. 
PERMANOVA results illustrate that the frequency distribution is statistically different 
between the two forest types. Regression functions are also more variant and diverse in 
the old-growth forest, because all standard deviations of the parameters are greater 
there. Gap analysis results indicate that the number of gaps in the young forest is 
slightly higher, while the average gap size is much smaller. The gap frequency 
distribution is statistically different between the two types. In terms of the spatial point 
pattern of overlayer trees, the G-test and the pair correlation function results show that 
trees distribute randomly in the secondary forest. In contrast, the spatial point patterns 
of trees are more regular and diverse in the old-growth forest. The spatial point pattern 
difference is not significant, and this is proved by a permutational t-test for pair 
correlation function (pcf). Envelope function results indicate that the variation of pcf 
in young forests is much lower than in the primary forests. 
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Hypothesis H2 “The overstorey species biodiversity of the secondary forest is less 
than in the old-growth forest” is rejected. Results show that the number of species of 
the secondary forest is much greater than in the old-growth forest, especially richness. 
The richness of the secondary forest is 1.16 times higher. The Simpson and Shannon 
indices are slightly smaller in the secondary forest. The average Simpson index for 
both forest stages is 0.898 and 0.920, respectively. However, the difference is not 
significant. Species accumulation curves become relatively flatter on the right, 
meaning a reasonable number of plots have been observed. Estimated number of 
species from accumulation curves in two forest types are 105 and 95/ha. 
PERMANOVA results show that number of species and proportion of individuals in 
each species are significantly different between forest types.  
 
Hypothesis H3 “The number regenerating species of the secondary forest is less and 
they distribute more regularly, compared to the old-growth forest” is rejected. There 
are both similarities and differences between the two types. The regeneration density 
of the stage IIb is 22,930 seedlings/ha, greater than the old forest by 9,030 seedlings. 
The height frequency distribution shows a decreasing trend. Similar to overstorey, the 
richness of the secondary forest is 141 species, higher than the old-growth forest by 9 
species. Biodiversity indices are not statistically different between two types. 
PERMANOVA results indicate that the number of species and the proportion of 
individuals for each species are also not significantly different from observed forest 
types. Nonrandomness index results show that the regeneration distributes regularly. 
Up to 95% of the plots reflect this distribution trend. 
 
Hypothesis H4 “Restoration measures (with and without human intervention) could be 
implemented in the regenerating forest” is accepted. The investigated results show that 
the secondary forest still has mother trees, and it has enough seedlings to restore. 
Therefore, restoration solutions with and without human intervention can be 
implemented. Firstly, forest protection should be applied. This measure is relevant to 
national park regulations in Vietnam. Rangers and other related organizations will be 
responsible for carrying out protection activities. These activities will protect forest 
resources from illegal logging, grazing and tourist activities. Environmental education 
and awareness-raising activities for indigenous people is also important. Another 
measure is additional and enrichment planting. It should focus on exclusive species of 
the overstorey in Type IIb or exclusive species of the primary forest. Selection of these 
species will lead to species biodiversity increase in the future. This also meets the 
purpose of the maximum biodiversity solution. 
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Conclusion 
Forest resources play a very important role in human life as well as maintaining the 
sustainability of ecosystems. However, at present, they are under serious threat, 
particularly in Vietnam. Central Highland, Vietnam, where forest resources are still 
relatively good, is also threatened by illegal logging, lack of knowledge of people and 
so on. Therefore, it needs the hands of the people, especially foresters and researchers. 
Through research, scientists can provide the knowledge and understanding of the 
forest, including the structure and forest restoration. This study has obtained important 
findings. The secondary forest is more homogeneous and uniform, while the old-
growth forest is very diverse. Biodiversity of the overstorey in the secondary forest is 
more than the primary. The number of regenerating species in the secondary forest is 
higher, but other indices are not statistically different between two types. The 
regeneration distribute regularly on the ground. The secondary forest still has mother 
trees and sufficient regeneration, so some restoration measures can be applied here. 
Findings of the study contribute to improve people’s understanding of the structure 
and the structural changes after harvesting in Kon Ka Kinh national park, Gia Lai. 
That is a key to have better understandings of the history and values of the forests. 
These findings and the proposed restoration measures address rescuing degraded 
forests in Central Highland in particular and Vietnam in general. And further, this is a 
promising basis for the management and sustainable use of forest resources in the 
future. 
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development of forestry. Another difficulty is that the infrastructure in forest regions is 
often poor. Conflicts between forest conservation and economic development are also 
a barrier to forestry development (MARDa, 2004). 
 
The second challenge is that forest product supply capacity is decreasing, while the 
social needs on these products are increasing. This creates pressure on forest resources, 
especially natural forests. Deforestation, declining biodiversity and land potential and 
protective capacity loss also cause difficulties for forestry development (MARDa, 
2004). 
 
Thirdly, one of most important challenges, which has been mentioned in many 
documents, is that research capacity is limited, knowledge and understanding of the 
natural forest has been low, especially issues related to forest structure and 
silvicultural techniques. Many state and other agencies still lack scientific bases and 
specific criteria for natural forest restoration, management and development (MARDa, 
2004; MARDb, 2004; Nghia, 2007; Hung, 2011). This difficulty affects the 
performance of the transition from an old conservation approach to an open one. Open 
conservation is an approach including a combination of protection, rational use and the 
use of appropriate silvicultural measures in national parks and protected areas in 
Vietnam (Quang, 2011). 
 
1.1.3. Management strategies 
Faced with serious deforestation and forest degradation problems, the Government of 
Vietnam has developed and implemented many programs and different strategies 
(Hung, 2011; Thuy et al., 2012) such as the 661 Program, Forest Land Allocation 
Program and so on. 
 
Forestry development orientation has been decided by the Prime Minister in decision 
18 in 2007. This decision aims to improving environmental protection, biodiversity 
conservation and reducing poverty especially among peoples in mountainous regions 
(Hung, 2011; PMV18, 2007). In particular, the development orientation of natural 
forests in Central Highlands is as follows (PMV18, 2007): 
 
“… Strengthen the protection of national parks and nature reserves areas with 
rich biodiversity, such as Ngoc Linh, Yok Don, Kon Ka Kinh, Chu Yang Shin, 
Bi Dup-Nui Ba, and Chu Mom Ray and so on. Efficiently manage natural 
forests, regenerate and enrich forests while making the best use of site potential 
for plantation establishment of multi-purpose forests (to produce large timber, 
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small timber, NTFPs, and environmental services) (PMV18, 2007 (English 
version by Redd Desk))…”. 
Therefore, the forest research in Vietnam should focus on improving forest area and 
quality, reducing difficulties in forest management in accordance with the 
development orientation of the government. 
 
1.2. Forest structure role 
Forest structure always describes features or attributes of the individual structural 
elements and spatial patterns of elements (Pan et al., 2013). When analyzing the forest 
structure, scientists explore the individual structural elements, for example leaf area, 
life form and branch arrangement (Pan et al., 2013). In addition, there are many other 
aspects of forest that are analyzed, such as production and dispersal of seeds; forest 
regeneration growth and mortality; tree growth and mortality; species diversity; spatial 
distribution of trees and so on (Gadow et al., 2011) at different scales and levels. 
 
Forest structure plays an important role in forestry research. Forest structure greatly 
impacts the habitat of fauna and flora species. Complex forest structures diversify 
microclimates, niches and habitats for maintaining the majority of terrestrial 
biodiversity (Pan et al., 2013). Forest structure is the key to understanding and 
determining ecosystem functions (Spies, 1998; Valbuena, 2015). The structure and 
distribution of forest patches regulates habitat structure, wildlife distribution and 
determines the delivery of ecosystem services (Valbuena, 2015). In other words, the 
structure directly affects the biodiversity, erosion control, water availability and carbon 
storage functions of the forest (Gao et al., 2014). Changing forest structure leads to 
changes in carbon stocks and evapotranspiration (Valbuena, 2015). Indicators of forest 
structure are also a component that should be considered for sustainable forest 
management (MCPFE, 2002; Valbuena, 2015). Species diversity can be influenced by 
tree diameter distributions (Spies and Franklin, 1991). Forest structure classifications 
can be practical and meaningful for ecological assessment and monitoring (Gao et al., 
2014; Valbuena, 2015). In conclusion, structural analysis provides foresters an 
overview of the stands. Understanding forest structure will unlock an understanding of 
the history, function and future of a forest ecosystem (Spies, 1998), assist in forest 
management planning (Valbuena, 2015), propose silvicultural treatments and enable 
sustainable use of forest resources (Sau, 1996; Gadow et al., 2011). 
 
The forester’s understanding of forest structure still has limitations, especially in the 
Central Highlands. Therefore, improving knowledge and filling serious knowledge 
gaps about forest structure, as well as structural changes of the forest after exploiting 
and other disturbances, are necessary for forestry management here. 
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1.3. Forest restoration in Vietnam 
Forest restoration brings primary forest conditions back to secondary forests. Forest 
restoration recovers forest structure, ecological functions and biodiversity in the 
direction of old-growth forests. Forest restoration is an important and necessary task of 
national parks in Vietnam. Vietnam has a long history of forest restoration and this 
capability is demonstrated in practice (Jong et al., 2006; Nghia, 2007). 
 
Since 1920, the French forester Paul Maurand conducted trial planting for two native 
species (Hopea odorata and Dipterocarpus alatus) with three different planting 
methods: single-tree plantations, planting and planting with support line tree species 
(Nghia, 2007). Then dipterocarp species were tested by planting in the South. In next 
decades, especially after the wars, Vietnamese foresters have implemented many 
different solutions such as: protection, enrichment planting, assisted natural 
regeneration and planting (Jong et al., 2006; Nghia, 2007). These solutions are applied 
mainly for bare land, grassland and secondary young forests. 
 
There are many success stories about forest restoration in Vietnam. The first story is 
Dendrocalamus. This species is known as the forest species for the poor. The foresters 
have found a new method of propagation by air-layering branches rather than by using 
rhizomes (Nghia, 2007). The second success story involves enrichment with Michelia 
mediocris, which is a native species. They were planted additionally in natural forests 
and plantations. This plant has brought numerous benefits such as: beautiful wood 
grain and dried seeds for cooking (Nghia, 2007). In addition, the plantation area has 
increased markedly: 1050 thousand ha in 1995 to 2333 thousand ha in 2005. The 
quality, species diversity in stands are also improved (Jong et al., 2006; Nghia, 2007). 
 
Therefore, restoration is a feasible and necessary solution, especially for national parks. 
Some measures are not expensive but highly efficient. They contribute significantly to 
expanding the forest area, improving biodiversity and the timber and non-timber 
product supply capacity of the forests. 
 
1.4. Importance of old-growth and secondary forests 
The value and role of old-growth forests were confirmed long ago by many scientists. 
It is an essential component of every forest ecosystem. Old-growth forests contain 
high value from aesthetic, cultural and nature conservation perspectives (DEC, 2004). 
Therefore, the protection and management of the jungle is extremely important for 
maintaining biodiversity and ecological functions (DEC, 2004). Primary forests 
provide a habitat for animals and insects (MNDNR, 1992; DEC, 2004; Wirth et al., 
2009). Diversity in tree structure and age with older trees, snags and fallen boles offer 
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nesting, foraging and shelter (MNDNR, 1992; DEC, 2004). There are more lichen and 
fungi species, nitrogen-fixing lichens, beetles, dragonflies and birds (especially hawks 
and owls) in the old-growth forest (MNDNR, 1992). In addition, the primary forest is 
a genetic reservoir (Wirth et al., 2009). It also provides other services such as: non-
timber products, sequestration of carbon, prevention of floods and erosion (Wirth et al., 
2009). Old-growth forests are also the final target of forest restoration. 
 
In Vietnam, Patrick and Lambin (2008) have also indicated that fragmentation and 
degradation are continuing. Currently, there are about 80,000 ha of primeval forests, 
and these forests are threatened (RECOFTC, 2013). The remaining natural forest area 
is mainly in the Central Highlands and the South East region (de Jong et al., 2006).  
 
Presently, the total area of poor secondary natural forests is large and continues to 
extend markedly. A study by de Jong et al. (2006) has shown that poor-quality natural 
forests/secondary forests, with a forest stock of less than 80 m3/ha, occupied up to 80% 
of the total forest area at that time. This will limit the capacity for providing large 
amounts of timber for industry (Vnforest, 2013) and influence biodiversity 
significantly in the next decades. 
 
In Vietnam, poor secondary forests are usually a consequence of over-exploitation of 
forestry companies and local people. People often cut trees to build houses and 
furniture and to sell to traders (Nghia, 2007). They often go to the forest for hunting, 
collecting forest products such as honey, orchids, mushrooms and firewood. Forest 
degradation is also a result of shifting cultivation activities and nomadism (Nghia, 
2007). These disturbances lead to the alternation of forest structure, functions and 
species structure. These structural changes are not controlled. Therefore, it is difficult 
for foresters to comprehend. The structural change becomes more complicated if after 
harvesting, degraded forests are protected and successional processes takes place. 
 
Understanding the forest structure alternation and effects of harvesting is a vital task 
on foresters’ shoulders. Improving and rescuing the poor secondary forest and 
restoring it approaching the jungle are duties of the forestry sector in Vietnam. These 
are reasons why old-growth forests and secondary young forests will be research 
subjects.  
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1.5. Aims, scope and hypotheses 
1.5.1. Aims 
1.5.1.1. General objective 
In general, findings of this project are intended to make contributions for building a 
scientific basis in order to restore and bring conditions of primeval forests back for 
natural secondary forests in the Central Highlands in particular and Vietnam in general. 
The project also contributes to bringing back habitat and environment for fauna and 
flora species and rescue secondary forests in the Central Highlands.  
 
1.5.1.2. Specific objective 
The specific study objectives are to: 1) Understand similarities and differences 
regarding the structure and spatial distribution of overstorey trees between secondary 
forests and primary forests; 2) Examine the similarities and differences of species 
biodiversity between the two forest types; 3) Analyze changes in height frequency 
distributions, spatial distribution and species biodiversity of regeneration; 4) Based on 
results and findings of (1), (2) and (3), propose silvicultural methods to restore 
secondary forests. 
 
1.5.2. Scope 
The scope of the study is to analyze the forest structure of secondary forests and old-
growth forests in Kon Ka Kinh National Park, Gia Lai. 
 
1.5.3. Hypotheses 
Several studies have shown that the structure of secondary forests is often more 
homogeneous than old-growth forests (TOA, 1984; Oke et al., 2010; Tucker et al., 
1997). This can be explained by forest exploitation and development phases. In 
secondary forests in study sites, the large trees were exploited decades earlier. 
Selection harvesting reduces competition pressure and opens the canopy to second and 
lower storeys, so they can grow more homogeneously. In contrast, old-growth forests 
consist of many different development phases such as gap phase, regeneration phase, 
optimum phase, terminal phase and so on (Leibundgut, 1982; Barnes, 1998). These 
phases influence the forest structure significantly. All of these lead to the following 
hypothesis:  
 
- H1: The overstorey structure of secondary forests is more homogeneous and uniform 
than old-growth forests. 
 
There is a general trend which is that the number of species and biodiversity in 
secondary forests are generally lower compared to old-growth forests (Brown and 
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Lugo, 1990; Richards, 1996; Wirth et al., 2009). This can be explained by large gaps 
left by dead trees in the old-growth forest (Wirth et al., 2009). In these gaps, 
biodiversity is often higher than other parts of the forest (Duguid et al., 2013; Freeman 
et al., 2015) because seedlings from both adjacent mother trees and other distant 
species may colonize and establish themselves. In addition, there are different phases 
in the old-growth forest, so that pioneers, shade-tolerant species and other species can 
exist there (Spies and Franklin, 1996). Therefore, the following hypothesis will be 
checked. 
 
- H2: The overstorey species biodiversity of the secondary forest is less than in the 
old-growth forest. 
 
Selection harvest may focus on valuable species or hardwood species. This might 
result in a decrease of species in the secondary forest, so that the number of 
regeneration species may be less, because the forest may not have mother trees for 
some species. In addition, the overstorey structure of the secondary forest is more 
uniform. Therefore, regeneration distribution may be more regular. A result is the 
following hypothesis: 
 
- H3: The number of regenerating species of the secondary forest is less and they 
distribute more regularly, compared to the old-growth forest. 
 
There are some successful stories about restoration in Vietnam (Jong et al., 2006; 
Nghia, 2007). Additionally, the secondary forest in Vietnam still has mother trees and 
the number of seedlings is relative large (Hinh and Giao, 1996; Khang, 2014, Binh, 
2014). Therefore, the secondary forest can be restored in order to improve biodiversity 
and quality. That is the reason why the following hypothesis will be considered in this 
research. 
 
- H4: Restoration measures (with and without human intervention) could be 
implemented in the regenerating forest. 
 
The next chapter will present the literature review of tropical forest structure research 
history, relevant structural attributes to this research for both overstorey and 
regeneration. 
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CHAPTER II: LITERATURE REVIEW 
 
2.1. Tropical forest structure analysis 
2.1.1. History 
2.1.1.1. Overstorey 
Before the 16th century, a pioneer of knowledge about tropical forests for Europeans 
was Alexander the Great, when he visited the Khyber Pass in 327 BC (Whitmore, 
1998). After his discovery, there was no significant improvement in understanding of 
the tropical forest in the nearly two thousand years that followed. 
 
In 16th and 17th centuries, there were more voyages and European colonial expansion. 
In 1530, the English started trading in West Africa. In 1581, Francis Drake visited the 
Cape of Good Hope. In 1663, the English built Fort James in Gambia (Whitmore, 
1998). This has also contributed to expand the understanding of tropical forests 
(Whitmore, 1998). 
 
In the 19th century, there were more expeditions of biologists and natural historians to 
tropical forest areas (Bermingham and Dick, 2005). The German Alexander von 
Humboldt arrived in Venezuela in 1799, Martius had a journey to Amazonia from 
1817 to 1920 (Jacobs, 1981) and Darwin visited Brazil in 1832 (Whitmore, 1998). In 
1848 Bates went to the Amazon (Bates, 1873) and in 1868 Belt went to Nicaragua 
(Belt, 1874). 
 
From these trips, the ecologists gained knowledge and deeper understanding of the 
rainforest. Initially, it was only descriptions of plant species, herbs and animals they 
saw, observed in the tropical region. These descriptions were focused mainly on 
differences between animals and plants in tropical regions with animals and plants in 
temperate regions. Specifically, Alexander the Great saw banana trees, cotton plants 
and banyans (Whitmore, 1998). In 1750, the Dutch naturalist G.E. Rumpf began 
describing a species in tropical forests used by indigenous people to make poison 
arrows. He wrote that there were no other trees or shrubs under canopy of these trees, 
but that the soil underneath the tree was dark and sterile (Whitmore, 1998). In 1752, 
during an expedition to China, Osbeck saw a characteristic of tropical trees, which is 
having blossoms on the main trunk. And at that time, cauliflower was unknown in the 
North of Europe. Another example is the description of palm species in Venezuela 
with a height of 50-60 ft. and red flowers, parasitic plants and elegant grasses 
(Whitmore, 1998). They were impressed by the species richness of tropical forests 
(Bates, 1864; Belt, 1874, Wallace, 1878). 
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Also starting in the 19th century, tropical forest structure began to be studied and 
described along with another research approach, which is the identification of plant 
and animal species. These studies were often carried out in a few months to understand 
changes and differences of tropical forests from one place to another (Whitmore, 
1998). Furthermore, during this time, an idea of the forest structure, which is related to 
wood providing capacity of the forest, was a topic written about (Montagnini, 2005). 
In 1898, the German botanist A.F.W. Schimper classified a tropical forest into 4 types: 
rain-forest, monsoon-forest, savanna-forest and thorn-forest (Schimper and Fisher, 
1903). He also described effects of climate and soil to plants in tropical forests in the 
West Indies, Brazil, Ceylon and Java. 
 
In the first half of the 20th century, the world experienced two severe wars: World War 
I and II. The wars had a major influence on the research conducted in tropics. 
Economic and traveling difficulties also affected the publications in this period. A 
typical example is the printing of the book “The Tropical Rain Forest” by Richards in 
1952, which was delayed for four years due to the shortage of paper as a result of the 
war (Whitmore, 1989a). Therefore, in this time period, the number of publications 
seemed much less, compared to the second half of the 19th century. This conclusion is 
drawn by the list of references which have been used in Richards’ 1996 book and “The 
tropical Rain Forest: A first encounter” by Jacobs in 1981. 
 
During this time, an exemplary study is Richards’. He summarized the results of his 
research and field work in Guyana, Borneo and Nigeria. He described and analyzed 
the tropical rainforest structure vertically and horizontally (Richards, 1996). He also 
worked with profile diagrams and pointed out that tropical forests usually have 5 
strata. 
 
During the first half of the 20th century, research describing forest structure was mainly 
based on the profile diagram. Frequency distributions and analyses of species 
composition were started to be implemented. Davis and Richards (1933) drew the first 
profile diagrams to describe the structure of tropical forests in Guyana. These authors 
also generated height frequency distribution charts in 1933 and forest tree species 
composition in different slope positions in 1934 (Davis and Richards, 1933; Davis and 
Richards, 1934). Beard (1944) also presented profile diagrams of the structure climax 
species in tropical America. Richards also presented numerous diagrams to explain the 
tropical forest structure in his book from 1952. Authors used a method of drawing 
diagrams with different sizes depending on the purpose of research. The diagram 
brings a general picture about canopy structure and the distribution of trees on the 
horizontal plane, which can help to draw comments and suggest practical applications. 
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Since the 1950s, there have been many studies on the structure of tropical forests. The 
study of the rainforest canopy structure can be divided into several categories based on 
canopy definition and scale. Five canopy definitions are mentioned in Figure 2.1. 
 
 
Figure 2.1: Five different approaches to define the forest canopy: the collection of 
all crowns (A), the whole volume between upper and lower crowns (B), the 
collection of crowns touching the canopy surface (C), the whole volume between 
the canopy surface crowns (D) 
and the whole above-ground forest volume (Bonger, 2011) 
 
Forest structure analysis is also performed on different scales: from small-scale levels 
to the large ones. Each level requires different methods and techniques. This is shown 
in Table 2.1. 
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Table 2.1: Different scale levels for canopy structure analysis (Bonger, 2011) 
Level of integration Stratification into components 
Forest in a landscape 
mosaic 
Forest-non forest, at various spatial scales 
Forest types Different (types of) forest communities 
Within-forest patches 
Successional development phases 
Local environmental differences in, e.g., soil conditions 
Individuals 
Species (genera, families, life forms, architectural 
models, guilds) 
Size (height, diameter, developmental phase) 
Resource availability (light, soil, water) 
Plant parts (nested 
within individuals) 
Crown (ramification levels, reiteration complexes, age 
classes, leaves, branches, flowers, fruits) 
Stem (position and type of buttresses, bark, form) 
Roots 
Plant organs, 
aboveground (without 
taking individuals into 
consideration) 
Leaves 
Metamers 
Growth units 
Branches 
Stem 
Buttresses 
Flowers 
Fruits 
Seeds 
Branching points 
 
Considering the individual level, up to now, the tropical forest structure has been 
analyzed in all different aspects. Both qualitative and quantitative analyses have been 
applied. Delang and Li (2013) have pointed out that there is no overall measure to 
evaluate and analyze the forest structure. Analyzed aspects are aboveground biomass, 
abundance, basal area, canopy height, plant density and so on (McElhinny, 2005; 
Delang and Li, 2013). Statistical applications, GIS, remote sensing and new 
technologies can be implemented to analyze the structure at different levels of scale. 
These analyzed attributes and statistical applications will be presented in more detail in 
the next sections. 
 
In Vietnam, forestry research in general and forest structure studies in particular began 
in the 1960s and 1970s, especially in the North. This is because the war ended in the 
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North in 1954 and in the South in 1975. Therefore, universities and research institutes 
in forestry were established afterwards. There are some examples: Vietnam National 
University of Forestry in 1964 (VNUF, 2009), Forest Inventory and Planning Institute 
in 1961 (FIPI, 2016), Vietnamese Academy of Forest Sciences in 1961 (VAFS, 2016). 
 
There are some first exemplary studies in Vietnam. Phuong (1970) has pointed out 
structural characteristics of the forest vegetation in the North of Vietnam based on 
survey results in the North from 1961 to 1965. Truong (1973) has also considered a 
quantitative stratification direction. This author used the basis of height to classify 
storeys. Hien (1974) carried out studies on various localities and concluded that the 
general form of the diameter frequency distribution is decreasing, but due to selection 
harvest process, so that the observed distribution often has small peaks like the teeth of 
a saw. Trung (1978) divided tropical forest stands in Vietnam into five layers: upper 
dominant storey (A1), ecological dominant layer (A2), under canopy storey (A3), 
scrub layer (B) and grass layer (C). 
 
Until now, in Vietnam, forest structure research has been conducted by several 
scientists and in different provinces, especially in the North. Analyses have been 
performed for different forest layers, species compositions, spatial distributions and 
other attributes. And researchers have also applied statistics and new technologies for 
analyzing and quantifying the forest structure. These studies will be presented in more 
detail in the next parts. 
 
2.1.1.2. Regeneration 
The first study of tropical forest regeneration in Suriname dates from the 1900s (Graaf, 
1986). At that time, some scientists applied artificial regeneration after clear felling, 
followed by natural regeneration assistance after selective cutting. By the 1930s, there 
were more studies about natural regeneration. Also in this period, researchers began to 
describe species composition, the number of individuals of each species based on the 
data collected from sample plots (Richards, 1936; Ross, 1954). 
 
Over the next decades, the regeneration study continued to develop. Numerous aspects 
of tropical forest regeneration have been studied, such as: density, species 
composition, origin and quality of regeneration, age structure, size structure, spatial 
distribution characteristics on the ground and regeneration biodiversity (Graaf, 1986; 
Pare et al., 2009; Quazi and Ticktin, 2016; Gautam et al., 2016). Several studies have 
examined effects of silvicultural measures, harvesting measures and ecological factors 
on natural regeneration (Graaf, 1986; Fredericksen and Mostacedo, 1999; Peña-Claros 
et al., 2007). 
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In Vietnam, similar to other forestry research, regeneration studies started in the 
1960s. The first studies of forest regeneration were conducted by the Forest Inventory 
and Planning Institute from 1962 to 1969 (Hue, 1969; Thoa, 2003). Over the next 
years, forest science researchers carried out studies in the different provinces and have 
analyzed various aspects such as: the amount of regeneration, height frequency 
distributions, spatial distribution on the ground and so on (Thoa, 2003). 
 
2.1.2. Structural attributes of tropical forests 
Features or attributes of the individual structural elements and spatial patterns of 
elements are often analyzed in forest structure studies (Pan et al., 2013). The spatial 
forest structure is a vertical and horizontal arrangement of individual plants in the 
forest at one time (Pretzsch, 2009). The forest structure, especially the canopy storey 
structure, has been studied by many researchers. Delang and Li (2013) have shown 
that there are many attributes that need to be measured in order to express and quantify 
the forest structure, because there is no overall solution for this.  
 
The ecological structure of tropical rain forests has been presented by Lamprecht 
(1989), Golley (1991), Richards (1996), Pretzsch (2009) and so on. These studies have 
raised viewpoints, concepts and quantitative descriptions of species compositions, life 
forms and storeys of the forest. These authors have also studied other forest structure 
indicators such as: diameter frequency distributions, diameter and height regression 
and so on. They have also mentioned some silvicultural treatments applied for 
different natural rain forest types. In these studies, regenerating trees, species 
composition and diversity have also been analyzed by these authors. Based on these, 
some silvicultural treatments have been proposed to improve the forest quality for 
different purposes. 
 
Most quantitative methods have been developed and applied to temperate forests. In 
tropical areas, foresters have begun developing and applying statistical tools and 
mathematical models to study the forest structure (Golley, 1991). The author also 
points out three reasons why vertical patterns of tropical forests are more important 
than those of temperate forests: “(1) the high diversity of species of any size, (2) the 
generally impressive number of individuals regardless of the species at any level 
beneath the canopy; (3) the height of the tallest trees. 
 
In general, research on the tropical forest structure has the same general direction, 
which is to build the theoretical, scientific basis. That can make forest business more 
effectively and meet increasingly demands about forest products and biodiversity. 
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Another trend is applications of statistics and information technology to model and 
visualize the forest structure, moving from qualitative analysis to quantitative analysis 
approaches in combination with statistics and information technology (Golley, 1991).  
 
2.1.2.1. Overstorey 
a. Analyzed attributes 
Many attributes have been studied, analyzed by many scientists around the world. The 
table below summarizes the analyzed attributes. 
 
Table 2.2: Analyzed structural attributes 
 (Golley, 1991; Delang and Li, 2003; McElhinny, 2005) 
No. Stand element Attribute 
1 Foliage 
Foliage high diversity 
Number of strata 
Foliage density within different strata 
2 Canopy cover 
Canopy cover 
Gap size classes 
Average gap size and the 
proportion of canopy in gaps 
Proportion of tree crowns 
with broken and dead tops 
3 Tree diameter 
Tree dbh 
Standard deviation of dbh 
Tree size diversity 
Horizontal variation in dbh 
Diameter distribution 
Number of large trees 
4 Tree height 
Height of overstorey 
Standard deviation of tree 
height 
Horizontal variation in height 
Height class richness 
5 Tree spacing 
Clark Evans Index, Cox 
Index, percentage of trees 
in clusters 
Number of trees per ha 
6 Stand biomass 
Stand basal area 
Stand volume 
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7 Tree species 
Species diversity/richness 
Relative abundance of key species 
8 Dead wood 
Number, volume or basal 
area of stags 
Volume of coarse woody 
debris 
Log volume by decay or 
diameter classes 
Log length or cover 
Coefficient of variation of log 
density 
Litter biomass or cover 
 
b. Relevant attributes to this study 
- Stand information 
The basic information about stands needs to be calculated, analyzed and described. 
This information will provide researchers an overview of the stand before analyzing 
other contents further. Such information is stand volume, stand basal area, diameter 
and height averages, stand density and layers. These indicators are essential when 
analyzing forest structures (Bowers et al., 2004; McElhinny, 2005; Pretzsch, 2009; 
Delang and Li, 2013). 
 
These stand attributes will be the basis for proposing forest exploitation or thinning 
measures as well as to describe forest stands (Bower et al., 2004). This information is 
also necessary for conservation and restoration of degraded lands (West, 2009). Tree 
diameter and basal area are easy measurable. They will provide information on stand 
productivity. The relationship between basal area and tree volume is linear (Golley, 
1991). The tropical rainforest is an ecosystem which has higher productivity than any 
other forest type in the world (Golley, 1991). The author also points out that the net 
primary productivity of tropical forests ranges from 520 to 4840 g/m2/year. The 
average is about 2530 g/m2/year. Brown and Lugo (1984) summarized data from the 
Food and Agriculture Organization (FAO) and showed that the average volume of 
tropical forests in Asia is 215.60 m3/ha for undisturbed forests and 102.52 m3/ha for 
logged forests. However, it can reach 750-850 m3/ha. In Vietnam, reserves of natural 
woody forests range from 80-250 m3/ha (UN-REDD, 2013). Ha and Hong (2010) 
showed that the volume of type IIIA (heavily logged forests) in Kon Tum province 
ranges from 207-247 m3/ha. Sau (1996) conducted a study in Kon Ha Nung, in the 
Central Highland, and showed that forest volumes ranged from 75.9-508.6 m3/ha. 
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Tree density is a quantitative term to describe the degree of forest crowding per area 
unit. The stand density is also a key element to build models for forest growth and 
yield prediction (Burkhart and Tomé, 2012). The density of trees in primary tropical 
forests often depends on many different factors. The number of trees with a diameter 
greater than 10 cm is 300-700 trees/ha. In mountainous areas, the density in mountain 
or hill tops is often greater than that in slopes (Richards, 1996). The density in 
Vietnam for type IIIA in Kon Tum province is 242-574 trees/ha (Ha and Hong, 2010). 
Another example is the tree density in Bidoup national park. It ranges from 951-1056 
trees/ha (Binh, 2014). In Kon Ha Nung, density lies between 361 and 1186 trees/ha 
(Sau, 1996). In Phu Tho province, the tree density runs from 80-370 trees/ha for forest 
II and III (Quang et al., 2014). 
 
Regarding the storey, there are many different opinions on tropical rainforest 
stratification because it is difficult to see the total forest height from the ground 
(Richards, 1996). Trees belong to the same tier if they are influenced by the same set 
of environmental conditions (Golley, 1991). However, most authors have shown that 
evergreen broadleaf forests often have 3 to 5 storeys. Some researchers have classified 
storeys qualitatively and put limits on the height of each storey as Richards (1996). 
The author also has indicated that there are five strata in the tropical rainforest. They 
are called A, B, C, D and E.  
 
In Vietnam, the evergreen tropical rain forest is very abundant. It is distributed in 
different provinces, including the Central Highlands. This forest type has 5 layers: 
Upper storey A1, Ecological dominance storey A2, Lower storey A3, Bushes storey B 
and Climber and grass storey C (Trung, 1978; UN-REDD, 2013). 
 
- Descriptive statistics for diameter and height variables 
Descriptive statistics are often used to calculate diameter and height variables. These 
values will help understand the magnitude, variation and shape of datasets (Philip, 
1998; Poorter et al., 2008; Tuat and Hinh, 2009). Average, standard deviation, 
variance, skewness and kurtosis are often calculated. Nijman (2004) has pointed out 
that for old secondary forests, the average diameter is 23.8 cm and standard deviation 
is 8.8. Meanwhile, for old-growth forests, they are 31.1 cm and 9.8, respectively. 
 
In Vietnam, Hai (2014) analyzed IIa forests and concluded that the diameter ranged 
from 9.94 to 11.6 cm. Variance was from 10.5 to 17.5. With variable height, it ran 
from 7.36 to 8.24 m. The variance of height variable lied between 2.28 and 4.37. For 
old forests (IIIA forest) in Kon Tum, Ha and Hang (2010) showed that the average 
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diameter was from 20.55 to 33.77 cm. The value for the height ranged from 12.78 to 
18.04 m. Anh (1998) indicated that the average diameter for forest IIb and IV in Hue 
province is 14.87 cm and 34.36 cm, respectively. Standard deviation values for both 
types are 6.87 and 12.63. For the height variable, Anh (1998) found that the average 
height runs from 7.64 to 18.03 m. Standard deviations for the height lie between 1.92 
to 4.82 m. 
 
- Diameter and height frequency distribution 
Diameter and height frequency distributions of stands are bases for understanding the 
forest structure (Hinh and Giao, 1996; Nord-Larsen and Cao, 2006 and Pretzsch, 
2009). This has been studied by many researchers. These distributions are often 
modelled and expressed by different theoretical probability distributions in order to 
make inferences on forest mature stages, evaluate the forest resources and propose 
future silvicultural treatments (Nanos and Montero, 2002; Husch et al., 2003; Tuat and 
Hinh, 2009; Sheykholeslami et al., 2011). Another meaning of diameter distributions 
is indicated by Rubin et al. (2006), namely that “diameter distributions can be used to 
indicate whether the density of smaller trees in a stand is sufficient to replace the 
current population of larger trees and to help evaluate potential forest sustainability”. 
Besides, diameter and height frequency distributions will make some contributions to 
estimate harvesting costs, expected yield, financial result, etc. (Sheykholeslami et al., 
2011). 
 
Many researchers agree that the diameter frequency distribution of uneven-aged mixed 
natural forests is best approached with an inverse J-shaped distribution/negative 
exponential distribution (Meyer, 1953; Vanclay, 1994; Philip, 1998; Husch et al., 
2003; Pretzsch, 2009; Burkhart and Tomé, 2012; Xuan, 2012; Hai, 2014). Sometimes 
the function is called the Liocourt distribution. Liocourt studied the size distribution of 
relatively young natural forest trees and showed that the proportion of trees in the two 
groups close together is a constant (Vanclay, 1994). Lamprecht (1989) also noted 
many examples to show that the diameter distribution of natural forests tends to 
decrease. This means that when the diameter increases, the number of trees will 
decrease (Burkhart and Tomé, 2012), because of high mortality rate of the smallest 
trees (Berger et al., 2002). However, in Vietnam, sometimes the diameter frequency 
distribution has a peak. The peak often ranges from 10-16 cm (Khanh, 1996; Binh, 
2014). 
 
In contrast to the diameter frequency distribution, height frequency distributions often 
have a peak and are right-skewed. This is proven by studies of Xuan (2012), Hai 
(2014) and Khanh (2014). 
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- Diameter-height regression 
Regression analysis provides a functional relation between a dependent variable and 
one or many independent variables (Pretzsch, 2009). Regression analysis is very 
important to understand stand structure. The diameter-height relationship is a basis for 
determining the corresponding height for each diameter size class. Therefore, it is not 
necessary to measure all tree heights (Hinh and Giao, 1996; Pretzsch, 2009). The 
relationship is a structural characteristic of trees which reflects a stem form and the 
volume of the harvestable stem (Osman et al., 2012). The diameter-height regression 
also influences the wood product quality, which is also used to build volume tables 
and determine the size index (Hinh and Giao, 1996). 
 
The diameter at breast height (DBH) and height are commonly measured variables in 
forest inventories. These variables are also commonly required for forest management 
activities and research purposes (Osman et al., 2012). As a result, for the case of my 
study, they are also implemented to analyze the correlation. 
 
In Vietnam, as well as around the world, mathematical equations representing this 
relationship are diverse and vary from space to space. A wide variety of different 
functions such as linear and non-linear function forms with two or more than two 
parameters have been used to analyze the regression between the diameter and height 
of trees. Typical function forms are selected as logarithms, such as exponential, power, 
Chapman-Richards, Weibull, Gompertz, logistic functions and so on. They are applied 
for different species, different forest types, from temperate forests to tropical moist 
forests around the world (Khanh, 1996; Hinh and Giao, 1996; Anh, 1998; Pretzsch, 
2009; Scaranello et al., 2011; Osman et al, 2012, Binh, 2014). 
 
There is a general rule drawn from many studies, which is that the relationship 
between the diameter and height is often described by a convex curve or a straight line, 
especially for old-growth forests. This is explained by the different growth rate of trees 
between the diameter and height. When trees get mature, the growth rate of the height 
is lower than that of the diameter, resulting in correlations tending to be flatter (Hinh 
and Giao, 1996). 
 
- Gap analysis 
Gaps are a studied subject in the rainforest by many different causes. It is an 
indispensable component of forest ecosystems, both tropical and temperate forests 
(Homeier and Breckle, 2008, Wagner et al., 2010). Gaps affect components of the 
forest environment such as: light, nutrient availability and soil moisture (Denslow, 
1987). Therefore, it is an influential factor to natural regeneration, species composition 
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and plant species diversity, especially regeneration, even mangrove forests (Denslow, 
1987; Whitmore, 1989b; Yamamoto, 2000; Numata et al., 2006; Berger et al., 2008; 
Homeier and Breckle 2008; Wagner et al., 2010). 
 
Runkle (1992) has pointed out four aspects related to the gap that should be analyzed. 
They are rates in which gaps form, total gap area proportion, gap size distribution and 
gap closure process. The author also illustrated that there are two gap definitions: 
canopy gap and expanded gap. The first definition is the areas directly under the 
vertical projection of the canopy opening. The expanded gap includes tree bases 
bordering the gap. Necessary methods and information, when investigating the gap, 
were presented by Runkle (1992). The survey information comprises gap maker, gap 
size, gap microhabitat, gap age, adjacent forest, site characterization, gap aperture and 
vegetation within the gap. 
 
Gap and gap dynamics research results in tropical forests have shown some rules. 
Firstly, the gap size frequency distribution tends to descend, like the J-shaped 
distribution/negative exponential distribution (Barnes et al., 1998; Yamamoto, 2000; 
Numata et al., 2006). The average gap size in young forests or regenerating forests is 
often less than in old-growth forests. The gap area proportion and the average gap size 
of tropical forests are 3-23% and 90-250 m2 (Brokaw, 1985, Yamamoto, 2000). The 
total gap area and the average gap size are linearly proportional to the forest age 
(Tyrrell and Crow, 1994). However, this is not true for all cases (Spies et al., 1990; 
Numata et al., 2006). Numata et al. (2006) conducted a gap research for the rainforest 
in Malaysia. The results indicated that the gap area rate of primary forests was from 
0.045 to 0.160, while that one of regenerating forests ranged 0.007 to 0.043. In 
addition, the number of gaps in the primary forest is higher. The average gap size and 
number of large gaps are higher in primary forests, compared to secondary forests 
(Nicotra et al., 1999; Numata et al., 2006). 
 
- Tree spatial distribution 
Another aspect when analyzing the forest structure is the spatial distribution of plant 
species on the ground. Point pattern analysis is commonly used to analyze the 
arrangement of individuals on the ground. This is a basis to describe forest structure 
(Fangliang et al., 1997). Spatial distribution of forest tree species is also a basis to 
propose reforestation measures (Hung, 2013). The spatial distribution is very diverse, 
because of different species, time and locations (Fangliang et al., 1997). Clear 
understanding on the tree species distribution of in evergreen broad-leaved forests is 
very limited, especially in Vietnam (Luo et al., 2009; Hung, 2013). 
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Currently, there are many methods and statistical functions to analyze the spatial 
distribution of forest trees. These methods are based on data coordinates of the tree on 
the ground, and then distribution features will be determined and analyzed. Methods 
used include Ripley's K-function, L-function, the nearest-neighbor distance statistic, 
the pair-correlation function, replicated point pattern analysis (Fangliang et al., 1997; 
Condit et al., 2000; Luo et al., 2009; Rejou-Méchain, 2011; Hung, 2013). The 
replicated point pattern analysis is a new solution, especially for small investigated 
plots with repetitions. It is now rarely used in ecology, especially in tropical forests 
and in Vietnam (Ramón et al., 2016). 
 
Research results of the tree spatial distribution have shown several trends. Tropical 
forest tree distributions are commonly clustered or random (Fangliang et al., 1997; 
Condit et al., 2000; Luo et al., 2009; Rejou-Méchain, 2011; Hung, 2013; Hai et al., 
2014). Another trend has been pointed out indicating that the population spatial 
distribution often shifts from clustered distributions to random or regular distributions, 
because of succession proceeds (Christensen, 1977; Sau, 1996; Fangliang et al., 1997). 
However, distribution patterns are often influenced and changed by many different 
reasons, such as scale, plot size, self-thinning, species and age (Kenkel, 1988; 
Fangliang et al., 1997; Li et al., 2009; Hai et al., 2014). 
 
- Overstorey species diversity 
Species diversity of the overstorey has been conducted by many foresters. The tropical 
rainforest is a peculiar ecosystem. The tropical forest is an area with a large number of 
species, compared to other ecosystems (Jacobs, 1981; Richards, 1996; Whitmore, 
1998). Currently, to assess the biodiversity of tropical forests, scientists have used 
many different indices such as: richness, species importance value, Simpson, Shannon 
- Wiener, Shannon evenness (Cao and Zhang, 1997; Kindt and Coe, 2005; Podong and 
Poolsiri, 2013; Binh, 2014; Khang, 2014; Thang et al., 2015). 
 
Podong and Poolsiri (2013) pointed out that richness ranged from 14 to 138 species/ha. 
The number of species in some national parks in Thailand ranged from 14 to 138 
species/ha. Khang (2014) showed that there were 67 species per 15,000 m2 (about 44-
45 species per ha) for type IIb and 61 species per 15,000 m2 (about 40-41 species per 
ha) for type III. In Bidoup - Nui Ba national park, there were 36-50 species/6000m2 
(approximate 60-83 species/ha) (Binh, 2014). 
 
Regarding biodiversity indices, the Shannon index in some of Thailand's national 
parks ran from 2.078 to 4.280, while the Simpson index lay between 0.726 and 0.974 
(Podong and Poolsiri, 2013). Some researchers in Vietnam have shown species 
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diversity levels in several national parks and nature reserves. Khang (2014) calculated 
diversity indicators for forest types II and III in Dong Nai province. Results indicated 
that in type IIb, Shannon and Simpson indices were 2.986 and 0.915, respectively. 
These results were 3.129 and 0.937, respectively for type III. Biological diversity and 
number of species in secondary forests are generally lower, compared to old-growth 
forests (Brown and Lugo, 1990; Richards, 1996). However, this trend is not usually 
correct for all cases (Richards, 1996, Khang, 2014). 
 
Differences in biodiversity were examined in many different ways. Many authors used 
tests such as a t-test or Turkey test to compare biodiversity between sites (Cao and 
Zhang, 1997; Rad et al., 2009). Analysis of variance was also used to compare the 
biodiversity indices based on average values (Omoro, 2010). Additionally, Kindt and 
Coe (2005) also pointed out more methods to compare and comprehend the 
biodiversity difference between investigated sites such as distance matrices, rank-
correlation with the mantel test, analysis of similarity tests and analysis of ecological 
distance by clustering and ordination. 
 
2.1.2.2. Regeneration 
Regeneration is a term often used to describe natural secondary successions (Gómez-
Pompa et al., 1991). In other words, regeneration is commonly used to describe 
regrowth following forest disturbances. Natural regeneration can be applied to an 
individual tree, small forest patch or a stand (Chadzon, 2014). In this study, 
regenerating plants are trees with diameter less than 6 cm and height lower than 6 m. 
They belong to forest understorey. 
 
Many different attributes of the regeneration were analyzed by foresters. These 
analyses include density, species composition, origin and quality of the regeneration, 
regeneration age structure, size structure, distribution characteristics on the ground, 
biodiversity level and so on. Analyzed aspects, which are relevant to this study, will be 
presented in the next paragraphs. 
 
Related to the regeneration density and the diameter and height frequency distribution, 
many scientists around the world and in Vietnam have conducted many studies in 
tropical forests. The regeneration density depends on forest stages and is influenced by 
many different factors. Girma and Mosandl (2012) measured saplings and seedlings 
with diameters less than 2 cm. Their findings showed that the number of regeneration 
is 32,600/ha. When studying the density of seedlings under different logging levels in 
Uganda, Chapman and Chapman (1997) showed that seedling density is 48,000-
163,000/ha. In Vietnam, regeneration is commonly defined as trees with diameters less 
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than 6 cm (Hinh and Giao, 1996). Woo et al. (2011) showed the regeneration density 
in secondary forests is 2460 seedlings/ha in Hoa Binh and 3340/ha in Phu Tho. When 
researching the different forest types at Nui Ba national park, Da Lat, Binh (2014) 
pointed out that the density ranged from 19,280-22,053/ha.  
 
Several trends have proved that the amount of regeneration in regenerating forests is 
greater than that in old forests (Dien et al., 2010; Khang, 2014) and greater in logged 
forests than in unlogged ones (Chapman and Chapman, 1997; Gardinnge et al., 1998). 
However, this is not always true (Chapman and Chapman, 1997). 
 
There is a consensus among forest scientists both in Vietnam and other countries that 
diameter and height frequency distributions of the regeneration is in a form of J-
shaped distribution/negative exponential distribution (Woo et al., 2011; Girma and 
Mosandl, 2012; Khang, 2014; Binh, 2014). The reason is the high mortality rate of the 
smallest plants (Berger et al., 2002). 
 
The biodiversity of regeneration has also attracted the attention of many researchers in 
Vietnam. Khang (2014) indicated that the number of regenerating species of the IIb 
forest is greater than in IIIA2 forests (67 species for the IIb forest and 55 species for 
IIIA2). The author also presented that Shannon and Simpson indices do not differ 
significantly between the IIb forest and the III forest. In the Ib forestt, Shannon and 
Simpson indices are 3.556 and 0.954, respectively. Meanwhile, in older forests (III), 
the index values are 3.440 and 0.954, in that order. These indices for degraded forests 
in Hoa Binh and Phu Tho are lower. For Hoa Binh stands, it is 2.40 and 0.89, while in 
Phu Tho is 2.23 and 0.87 (Woo et al., 2011). 
 
Spatial distribution characteristics of regeneration are often very diverse in Vietnam. 
Spatial distribution is commonly analyzed based on the number of regenerating trees 
in fixed plots. Clark and Evans U test or non-randomness index (ratio between the 
variance and average) are often applied. Regeneration spatial distribution in II and III 
forests are regularly distributed (Hai, 2009; Nhung, 2012; Huu, 2013). However, many 
other researchers also showed that regeneration distribution may be random and 
cluster (Anh, 1998; Pare, 2009; Quang and Minh, 2011). 
 
2.2. Secondary tropical forest restoration 
Forest degradation is happening complexly in many countries and in Vietnam. It is 
defined as the reduction of the capacity of a forest to provide goods and services. 
Forest degradation involves a change process that negatively affects the forest 
characteristics (FAO, 2011). 
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Secondary forests are a consequence of the forest degradation process. They are 
woody vegetation which regrows on the land after natural or human disturbance of 
primary forests. Human disturbance is often related to logging and agriculture (Oliver 
and Larson, 1990; Akindele and Onyekwelu, 2011). Secondary forests are one of the 
objects suitable for forest restoration. Additionally, other sites such as protected areas, 
degraded and logged forests are more appropriate for restoring (Elliott et al., 2013).  
 
There are three main approaches to overcome the ecosystem degradation. They are 
reclamation, rehabilitation and restoration. In this, ecological restoration is an 
approach to reestablish the structure, productivity and species diversity of the forest 
primarily present. It is presented in the following diagram (Figure 2.2) (Lamb and 
Gilmour, 2003). 
 
 
 
Figure 2.2: Ecological restoration: B1→A, rehabilitation: B1→E1 or E2 and 
reclamation: B1→F (Lamb and Gilmour, 2003) 
 
The restoration definition is also mentioned in other studies. It is a process that 
changes an ecosystem having similar conditions to an undisturbed ecosystem 
(Mudappa and Raman, 2010). Forest restoration changes forest components toward 
original forests, in term of forest structure, ecological function of the forest and 
biodiversity (Elliott et al., 2013; Fisher et al., 2016). Many restoration measures have 
been applied not only in the world but also in Vietnam. 
 
2.2.1. Strategies for secondary forest restoration 
Besides protecting the natural forest structure, natural processes also play an important 
role for restoring the forest. Natural processes are interactions between trees, animals 
and their environment. These interactions could be photosynthesis, pollination, 
decomposition and others. Natural processes include regeneration mechanisms, natural 
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disturbances, succession, plant/animal interactions and so on (ENC, 2016). They 
involve moving nutrients from one place to another. Therefore, they can help to 
generate and shape forest communities (ENC, 2016). In other words, these processes 
will make significant contribution to restoring the composition, structure and function 
of the forest. 
 
2.2.1.1. Protection and natural recovery 
Protection is a measure to prevent restoring sites from additional encroachment and 
remove barriers to natural regeneration. That means that the measure can protect 
forests from harmful human activities, fire, logging, livestock and seed-dispersing 
animals and other stress factors (ITTO and IUCN, 2005; Elliott et al., 2013). These 
activities influence the restoration process significantly, especially on the regeneration 
(Gebrehiwot et al., 2002; Elliott et al., 2013). Natural colonization and successional 
processes can be observed in protected sites (ITTO and IUCN, 2005). For this strategy, 
natural forest remnant protection is essential, because remnants provide a target forest 
and a source of seed, and they also assist natural regeneration (Elliott et al., 2008). 
Therefore, this measure is comprehensive, effective for forest restoration and involves 
no human intervention to the forest.  
 
In Vietnam, protection is an initiative to restore natural forests. This solution is shown 
most clearly in the establishment of national parks and protected areas. Up to 2003, 
Vietnam had 27 national parks, 60 nature conservation reserves and 30 landscape 
reserves. The total area of all these regions is now 2,541,675 ha. This is a strategy of 
the government. It has contributed significantly to reducing the rate of deforestation 
and increasing the forest area from 8252 ha (1995) to 10,283 ha (2005) (Nghia, 2007). 
 
2.2.1.2. Natural regeneration management 
This is a measure to assist natural regeneration. It is also a cheap and safe means of 
restoration with very light human impact on the forest. This strategy is appropriate to 
lightly degraded forests. There are two options that can be applied, depending on 
forest stand conditions and forest management goals (ITTO and IUCN, 2005). 
 
a. Growing conditions and yield of desirable regeneration improvement 
These treatments will provide more growing space for desirable species. There are two 
phases of these treatments. The first phase is overstorey removal. In this phase, 
overmature or relics are removed. Secondly, liberation thinning is applied to release 
young growth from completion of undesirable species. Success of these treatments 
depends on the number of specimens of desirable species per hectare, even distribution 
of these trees and their responsiveness to liberation thinning (ITTO and IUCN, 2005). 
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b. Desirable regeneration assistance 
These activities are often applied for heavily disturbed forests. It is also suitable for 
poorly distributed advance regeneration. To implement the treatment, firstly, 
remaining seed trees are located and protected. Normally, about 6-10 seed trees should 
be retained. Ground vegetation surrounding seed tree bases should be cleared to collect 
the seed. Some needs for these treatments are to improve light conditions for 
seedlings, clean weed, vines and improve site-soil (ITTO and IUCN, 2005). 
 
2.2.1.3. Accelerated Natural Regeneration (ANR) 
ANR consists of many activities, including planting, so this method requires stronger 
human intervention. ANR liberates regenerating species from competitors and assists 
their growth. This strategy uses natural regeneration of forest trees. It also protects 
restoring sites from fire and livestock (ITTO and IUCN, 2005; Elliott et al., 2013).  
 
ANR can be applied in association with protection where the density of regenerants 
exceeds 3100 per hectare and the number of tree species, which are typical of the 
target forest, is more than 30. Where the density is lower, ANR should be carried out 
in combination with additional planting. The restoring area should be a few kilometers 
from forest remnants in order to gain adequate seeds for the re-establishment of climax 
species. ANR can be implemented in highly degraded grasslands. These areas usually 
have a density of about 200-800 per hectare. However, the result of these applications 
is often low productive and ecological value ecosystems (Elliott et al., 2013). Elliott 
(2013) summarized some necessary techniques for ANR, including competition 
reduction from weeds, fertilizer uses, sprout encouragement, regenerating tree thinning 
and seed rain assistance. 
 
2.2.1.4. Enrichment planting 
Enrichment planting is a solution in order to add more valuable species in degraded 
forests, so this strategy involves the strongest human intervention on the forest. 
Enrichment planting does not eliminate valuable trees already present. Enrichment 
planting can be applied in stands having insufficient regeneration, or the regeneration 
is not distributed regularly. Areas where high-value plant species are difficult to 
regenerate can apply this method (ITTO and IUCN, 2005). A common technique is to 
plant seedlings of commercially valuable species. Four different planting methods are 
often used. Underplanting is implemented in remaining stands without commercial 
trees and artificial regeneration is carried out. Group planting is a method, in which 
seedlings are grown in groups. Two other methods are line planting and gap planting. 
These planting ways mean that seedlings are planted in lines, artificial and natural gaps 
(ITTO and IUCN, 2005). 
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Enrichment planting can be used in slightly-to-moderately degraded forests in order to 
restore the commercial productivity. It also can be applied in heavily degraded stands 
so as to complement biodiversity.  
 
Selective species for enrichment planting should be economic, ecological or social 
interest. ITTO and IUCN (2005) showed the characteristics of selective species. They 
should be rapid height growth, narrow crown, regular flowering and fruiting, wide 
ecological amplitudes, tolerance to moisture, good stem form and free of pests and 
diseases. 
 
2.2.1.5. The framework species method 
Another strategy that can be applied to restore degraded forests is the framework 
species. This method uses natural seed dispersal to achieve biodiversity recovery. In 
other words, this way will plant a minimum number of tree species to return natural 
forest regeneration processes and bring seed-dispersing animals back (Elliott et al., 
2008; Elliott et al., 2013). 
 
Some conditions should be satisfied when applying this method. Remaining target 
forests should be a few kilometers from storing sites. Some birds, bats or some other 
animals, which are seed dispersal vectors, should be retained (Elliott et al., 2013).  
 
Planting about 20-30 native species should be conducted when applying the 
framework species method. Framework plant species should have some characteristics 
such as: high survival rates, fast growth, dense large crowns, flowers and fruits should 
be attractive to seed dispersal animals (Elliott et al., 2008; Elliot et al., 2013). 
 
2.2.1.6. Maximum diversity planting method 
There are many possible measures in order to restore tree species richness in degraded 
forests. The maximum diversity planting method aims to increase the number of plant 
species in restoration regions. In addition, it does not rely on natural seed dispersal. 
There are two necessary techniques when applying this measure: careful site 
preparation and planting numerous tree species afterward. With these activities, tree 
species richness will be enhanced, structural biodiversity will be restored and wildlife 
habitat will be generated. The method can be applied when restoration sites are very 
far from target forest remnants. And this is also a costly restoration strategy (Elliott et 
al., 2008; Elliot et al., 2013). 
 
In the third chapter, natural conditions, vegetation and social characteristics and used 
forest classification system will be described. 
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CHAPTER III: MATERIAL 
 
3.1. Natural conditions of the study area 
The study was conducted at the Kon Ka Kinh national park, Gia Lai, Central 
Highlands, Vietnam. Precursor of the park is a nature reserve since 1986 according to 
Decision No. 194/CT of the Chairman of the Council of Ministers, dated 9 August 
1986. In 1999, the nature reserve management board was established. Dated 
11/25/2002, the Prime Minister signed Decision No. 167/2002/QD-TTg on the 
transformation of the Kon Ka Kinh natural reserve into a national park. At the meeting 
the Minister of Natural Resources and Environment resources of Asian countries held 
in Yangon (Myanmar) on the day 12/18/2003, Kon Ka Kinh national park was 
recognized as Asian Heritage (Birdlife, 2004; KKK, 2013; Long et al., 2014). 
 
 
Figure 3.1: Kon Ka Kinh national park and my study team 
 
3.1.1 Geographic location, boundaries and area of Kon Ka Kinh national park 
 
Figure 3.2: Viet Nam land use map, the star is location of the park (Icem, 1999) 
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Figure 3.3: Kon Ka Kinh national park location in Gia Lai province 
 
The park is located in the Northeastern region of Gia Lai province, 50 km from Pleiku 
city center to the Northeast (Figure 3.1, Figure 3.2 and Figure 3.3). The park is 
distributed over seven different communes in three districts: K’Bang, Mang Yang and 
Đăk Đoa. 
 
The geographic coordinates of the park are from 14°09' to 14°30' North latitude and 
between 108°16' and 108°28' East longitude. The Northern borders of the study area 
adjoin Kon Tum province and part of Đăk Roong commune, K’Bang district. The 
Southern borders adjoin Hà Ra commune and a part of Ajun commune, Mang Yang 
district. Đăk Roong, Kroong and Lơ Ku communes are found to the site’s East and Hà 
Đông commune, Đăk Đoa district to the West (KKK, 2013; KKK, 2014, Nguyen, 
2015). 
 
Regarding the park area, the total natural area is 42,330.5 hectares. The park is divided 
into 45 sub-zones. Functional zones include strictly protected area: 17,137.6 ha; 
ecological restoration zones: 25,093.9 hectares and services-administrative 
subdivision: 70 ha. The buffer zone is 141,000 ha (KKK, 2013). 
 
3.1.2. Topography, geology and soil 
3.1.2.1. Topography 
Kon Ka Kinh national park is located at the junction between the Pleiku Highland and 
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Kon Hà Nừng Highland. This area consists of mountain ranges with an average 
elevation of 1200-1500 m. Kon Ka Kinh peak is 1748 m. The lowest area is eastern 
region of the park with 600 meters altitude. 
 
Overall, Kon Ka Kinh terrain tends to descend from North to South. There are 3 main 
types of terrain within the territory of the national park, as follows: 
 
- Alpine topography: This type accounts for 0.1% of the park area. It is distributed at 
the Kon Ka Kinh peak, with elevations from 1700-1748 m. 
 
- Average mountain topography: It occupies 98.5% of the natural area of the park. This 
type of terrain is distributed over almost the entire national park, with elevations 
ranging from 700-1700 m. 
 
- Low mountain topography: This land type contributes 1.4% of the total area of the 
park, distributed along the tributaries of Dak Lor stream. Its altitude ranges from 600 
to 700 m. 
 
3.1.2.2. Geology and soil 
The geological background of Kon Ka Kinh national park is formed from the 
following four rock groups: acid magma rock group, mainly granite rocks; neutral 
alkaline magma group, mostly basalt; shale group, mainly clay schist, mica schist and 
accreting matter group along streams, mostly new alluvium. 
 
There are six main soil types in the park as follows: 
- Yellow-red feralit soil developed from acid magma: The area of this soil type 
accounts for 54.2% of the total area. Soils are concentrated mainly in the central and 
western slopes of the Kon Ka Kinh range. They are also found on ridges and tops of 
mountains with an elevation of over 1200 m. These soils are formed in a cold and 
moist climate conditions. Therefore, this soil type often has coarse litter, not 
decomposed, with the thickness of 5-8 cm. These soils are porous and acidic (PHkcl is 
4.0-4.6). The texture is medium and heavy. They are relevant to gymnosperms such as 
Dacrydium pierrei, Fokienia and pine species. 
 
- Yellow-brown feralit soil formed from neutral alkaline magma: this type contributes 
about 12.4% to the national park. The soil type is distributed mostly in the Northeast 
of the Kon Ka Kinh range. The soil is slightly acidic, and PHkcl is smaller at 5.5. Soil 
texture is light and medium. Humus horizon is thin. The soil is porous. Soil depth is 
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average, varying from 50 to 100 cm. These soils are suitable for forest species such as 
Michelia mediocris, Litsea glusinosa, Litsea glutinosa, Hopea odorata and so on. 
 
- Humus yellow-red feralit soil developed from metamorphic clay rock: 2.7% of the 
total area is made up of these soils. They are found in the Northwest of Kon Ka Kinh 
range. Soil is less acidic. Soil texture is light and medium. Humus horizon is also thin. 
These soils are also appropriate for forest tree species. 
 
- Yellow-red feralit soil formed from acid magma rock: This type occupies 13.2% of 
the total area of the national park. These soils occur mainly on northeastern slopes of 
the range and belonging to Kon Hà Nừng Highland, and a small area lies on A Yun 
commune. This is acid soils with PHkcl from 3.9 to 4.7. The humus proportion is low 
(0.5- 0.7%). It is a light-textured soil. Soil depth is also medium. Many forest species 
are well adapted to these soils. 
 
- Brown-red feralit soil developed on neutral alkaline magma rock: About 16.0% of 
the total area are these soils. They often appear at Eastern slopes of Kon Ka Kinh 
range. The soil layer is thick (> 100 cm), slightly acid with PHkcl <5.5. The texture is 
light and medium. Organic content in the soil is relatively high. Soils are suitable for 
agricultural crops and forestry plants, especially industrial crops such as coffee, rubber 
and perennial fruit trees. 
 
- Alluvial soil situated along streams and rivers: The soil makes a contribution of 
1.5% of the park area, distributed along the river valleys. The soil is neutral with 
average PHkcl from 7.0 - 7.2. That is medium-textured soil and average soil depth is 50-
100 cm. These soils are appropriate for agricultural crops such as rice, corn, potato and 
bean (Trai et al., 2000; KKK, 2013, KKK, 2014). 
 
3.1.3. Climate and hydrology 
3.1.3.1. Climate 
Kon Ka Kinh national park is influenced by the tropical monsoon climate regime. 
Every year has two clear seasons: the rainy season lasts from May to November and 
the dry season begins from December to the following April. Annual average 
temperature ranges from 21°C to 25°C. The total average rainfall ranges from 2000-
2500 mm. Rainfall is concentrated from May to November, accounting for 70-75% of 
annual rainfall. The month with the highest rainfall is August, while the month with 
the lowest rainfall is January. The annual average humidity is 80%. The highest 
humidity is in the rainy season, approximately 87%. During months of the dry season, 
humidity is less, around 71%. Every year, there are two main wind types. The main 
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wind is the Southwest monsoon during the dry season, while the rainy season has the 
Northeast monsoon (Trai et al., 2000; KKK, 2013, KKK, 2014). 
 
3.1.3.2. Hydrology 
The park has two main stream systems. They are headwaters of two rivers in the area: 
Ba River and Dak Pne River. There are many small streams, relatively high density, 
distributed evenly over the area of the national park. The stream flow is often greater 
in the rainy season, and during the dry season they are not dry but have low water 
flow. 
 
3.2. Vegetation in Kon Ka Kinh national park 
3.2.1. The area of land use types 
Pursuant to Decision No. 167/2002 / QD-TTg of the Prime Minister signed November 
25, 2002 on the transformation from a nature reserve to a national park, the total 
natural management area of the park was assigned is 41,780 ha, including: strictly 
protected area: 23,064 ha; ecological restoration zones: 18,646 ha and services-
administrative subdivision: 70 ha. 
 
However, based on results of “three types of forest planning” project, during a process 
of developing this project, the Center of Forest Ecology and Forestry Consultant, 
South Coast and Plateau Sub-institute of Forest Inventory and Planning has conducted 
investigations, updated and delineated additionally in July and August 2011, as 
indicated in Table 3.1 and Table 3.2 (Trai et al., 2000; KKK, 2013, KKK, 2014). 
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Table 3.1: Area of land use types and volume of forest types (KKK, 2013) 
 Year 2011 
No. Land use 
Area 
(ha) 
Three functional 
forest types Volume 
(m3) 
(%) 
Special 
use (ha) 
Production 
(ha) 
Other 
(ha) 
Total 
 area 
42,057.3 39,955.3 2082.0 20.0   100 
I Forest area 37,037.7 35,549.9 1487.8     88.1 
1 Natural forest 36,857.7 35,369.9 1487.8     87.6 
1.1 
Evergreen 
broadleaf forest 
34,436.2 32,954.9 1481.3   6,043,716.0 81.9 
- Rich forest  9032.2 8963.2 69.0   2,348,372 21.5 
- Medium forest  16,364.1 15,284.8 1079.3   2,945,538 38.9 
- Poor forest  1330.7 1318.4 12.3   133,070 3.2 
- Young forest 7176.9 6856.2 320.7   574,152 17.1 
- Arid forest 532.3 532.3     42584 1.3 
1.2 Bamboo forest 640.7 634.2 6.5   6407 1.5 
1.3 
Broadleaved and 
coniferous mixed 
forest 
1780.8 1780.8     7200 4.2 
2. Plantation 180.0 180.0       0.4 
II Bare land 3534.4 3164.8 363.3 6.3   8.4 
- Grass 36.5 30.8 5.7     0.1 
- Grass and bush 131.0 63.6 67.4     0.3 
- 
Grass, bush and 
scattered trees 
3366.9 3070.4 290.2 6.3   8 
III 
Agricultural 
land and kaingin 
1271.2 1043.1 215.3 12.8   3 
IV Other 214.0 197.5 15.6 0.9   0.5 
 
Table 3.2: Functional zone areas in the park (KKK, 2013) 
Year 2011 
No. Functional zone 
Area 
(ha) 
Three functional 
forest types 
(%) 
Special 
use (ha) 
Production 
(ha) 
Other 
(ha) 
Total 42,057.3 39,955.3 2082.0 20.0 100 
I Strictly protected area 17,137.5 17,137.5     40.7 
II Ecological restoration zone 24,849.8 22,747.8 2082.0 20.0 59.1 
III 
Services-administrative 
subdivision 
70.0 70  0  0 0.2 
 Percentage (%) 100 95 5    100 
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3.2.2. Plant biodiversity 
Based on the results of the forest flora investigation in 2011, Kon Ka Kinh national 
park has 1022 species, belonging to 568 genera and 158 families. Among these, study 
results indicate that there are 80 fern species, 14 conifer species and 928 angiosperm 
species as follows (Table 3.3): 
 
Table 3.3: Distribution of plant species in the park (KKK, 2013) 
Scientific name Family Genus Species 
Polypodiophyta 25 41 80 
Pinophyta 6 8 14 
Magnoliophyta 127 519 928 
Total 158 568 1022 
 
Plant conservation value in Kon Ka Kinh national park is determined by the number of 
species recorded in Vietnam Red Book 2007, IUCN Red List 2011 and Decree 
32/2006 of the Government. Statistical results show that forest flora in the park 
includes 32 rare and precious species, valuable for genetic conservation and scientific 
research, such as: Dalbergia cochinchinensis, Afzelia xylocarpa, Pinus dalatensis, 
Aquilaria crassna and so on (Trai et al., 2000; KKK, 2013, KKK, 2014). 
 
3.2.3. The flora and forest vegetation 
3.2.3.1. Flora 
Due to the geographic location, Kon Ka Kinh national park is tropical. It has diverse 
and complex topography and varying elevation. As a result, these conditions have 
generated ecological diversity and thus the diversity of species. 
 
In terms of flora, the park is a convergence of plant species from different 
biogeographical ranges: 
 
- The plant species from the North of Vietnam: The species often belong to Fabaceae, 
Euphorbiaceae, Mangnoliaceae, Moraceae, Anonaceae, Lauraceae, Fagaceae and so 
on. These plants are often distributed in regions influenced by tropical rainfall regimes. 
Forests often have more species per unit area. The dominant species composition is not 
high. 
 
- The flora species from Yunnan - Guizhou and Himalayas: They are conifers of 
Gymnospermae, for example: Podocarpus imbricatus, Dacrydium pierrei, Nageia 
wallichiana, and Fokienia hodginsii. 
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- Indo-Malayan species: Representatives for these plants are species belonging to 
Dipterocarpaceae such as: Anogeissus acuminata, Parashorea stellata, Parashorea 
chinensis, Shorea siamensis, etc. 
 
- Species from India - Myanmar: These species often belong to Combretaceae 
(Terminalia bellirica), Lythraceae (Lagestroemia tomentosa) and so on (Trai et al., 
2000; KKK, 2013, KKK, 2014). 
 
3.2.3.2. Forest vegetation 
The national park has many different forest vegetation types. Table 3.4 points out 
names and their corresponding areas. 
 
Table 3.4: Areas of forest vegetation types (KKK, 2013) 
Year 2011 
No. Vegetation types Area (ha) (%) 
  Total area 42,057.3 100 
I 
Closed evergreen seasonal rainy tropical 
medium mountain forest 
26,480.0 63.1 
1 
Primary closed evergreen seasonal rainy tropical 
medium mountain subtype forest 
20,684.3 49.3 
2 
Secondary poor closed evergreen seasonal rainy 
tropical medium mountain subtype forest 
1541.3 3.7 
3 
Secondary restoring closed evergreen seasonal 
rainy tropical medium mountain subtype forest 
4254.4 10.1 
II 
Closed evergreen seasonal rainy tropical low 
mountain forest 
7956.2 18.9 
1 
Primary closed evergreen seasonal rainy tropical 
low mountain subtype forest 
4712.0 11.2 
2 
Secondary poor closed evergreen seasonal rainy 
tropical medium mountain subtype forest 
321.7 0.8 
3 
Secondary restoring closed evergreen seasonal 
rainy tropical medium mountain subtype forest 
2922.5 6.9 
III 
Broadleaved and coniferous mixed seasonal 
rainy tropical medium mountain forest 
1780.8 4.2 
IV 
Secondary bamboo forest recovering after 
kaingin 
640.7 1.5 
V Plantation 180.0 0.4 
VI Bare land 3534.4 8.4 
VII Other 1485.2 3.5 
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3.2.3.3. History of forest exploitation in the park 
Based on results of interviewed national park management board and local elderly 
people, forest resources in Kon Ka Kinh national park have been heavily affected, 
especially before the park was established. 
 
In French colonial times (before 1945), the forests here were not exploited or 
impacted. There are many different reasons to explain this. During this time, social 
needs were not high and forestry companies had not been established. Roads and 
vehicles were not in good conditions, so forest products could not be transported the 
market. 
 
In 1964, American troops landed on the park area. They occupied and developed 
military bases on many hills. The American military conducted harvesting large trees 
to build bases and other purposes. They exploited and depleted around 1000 hectares 
of primary forests. 
 
In 1980, the Mang Yang forestry company was established and managed the forest in 
the region. During this time, the main task of the company is logging. Each year, the 
company harvested approximately 15,000-20,000 m3. The company has developed 
many different logging tracks. The company focused on exploiting big trees with 
diameters greater 30-40 cm. Exploitation is carried out from this area to other areas. 
Activity of forest logging has affected and depleted the forest resources seriously. The 
majority of secondary forests today are a consequence from this period. Besides these 
activities, illegal logging also occurred. This contributed significantly to forest 
degradation here. 
 
By 2002, Kon Ka Kinh National Park was established. The logging activities have 
been prohibited completely. Instead of logging, forest protection, reforestation, 
enrichment planting and restoration activities have been concentrated. However, 
illegal logging has still occurred in some remote places with fewer forest rangers and 
more large trees. During this time, forest resources have been also affected by the 
activities of the local people as farming, grazing, harvesting of forest products such as 
honey, orchids and so on. Currently, the forest resources are presented in Figure 3.4. 
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Figure 3.4: Status of forest resources in Kon Ka Kinh park 
 
 
 
Section 3 
 Section 1  Section 2 
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Animals and insects are also varied and plentiful here, especially in old-growth forests. 
Some animals and insects have been found in the sample plots. They are shown in 
Figure 3.5. 
 
 
a. An iguana 
 
b. A forest leach 
 
c. A centipede 
 
d. A green snake 
Figure 3.5: Some animals in the study site 
 
3.3. Assessing the natural conditions and vegetation of the park 
Firstly, the terrain here is quite complex, fragmented, relatively steep, with varying 
elevation. This generates many different subregion habitats, which are living 
environments for many plant and animal species and contain many biodiversity values. 
 
Secondly, most area is feralit soil. This soil type is relatively good and suitable for 
many agricultural crops, forestry and industrial plants. This is a considerable 
advantage for stabilizing and developing local socioeconomics. 
 
The park location is the headwaters of Ba and Đăk Pne rivers. Consequently, Kon Ka 
Kinh national park has an important role for protecting downstream areas, stabilizing 
the amount of water for agricultural production as well as local social and economic 
development. 
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Moreover, the park contains many different forest types, especially evergreen closed 
forests and mixed coniferous and broadleaf forests on the Highland. These forests are 
very valuable for conservation. 
 
Finally, the park is home to many plant and animal species, especially many species 
that are of very high value in science and economics. Besides, there are not many 
studies conducted here, and as such the park still has a number of biodiversity values 
unknown and not explored. 
 
3.4. Population, ethnicity and labor  
3.4.1. Population 
The park is bordered by three communes: K’Bang, Mang Yang và Đăk Đoa. 
Currently, in the core area of the national park no people live. However, the influence 
of local people in the buffer zone on forest resources is significant. 
 
The buffer zone of the park has an area of 141,012 ha located in 71 hamlets of seven 
communes. Here is living place of 6629 families, equivalent to 30,942 inhabitants. The 
population density in the whole area is 21 people/km². Of these communes, A Yun 
commune has the highest population density of 85 people/km², while Kon Pne has the 
lowest population density (8 people/km²). The rate of natural population growth is 
3.1%. 
 
Table 3.5 indicates details on the population, ethnic minorities, laborers and poverty 
status of the seven communes in the buffer zone (Trai et al., 2000; KKK, 2013, KKK, 
2014). 
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Table 3.5: Population, ethnics and poverty status (KKK, 2014) 
No. 
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1 
Mang 
Yang 
A Yun 9029 10 1532 7671 
569 
(37%) 
55 
(4%) 
37 63 4142 
2 
Dak  
Jota 
11,191 4 564 2600 
237 
(42%) 
40 
(7%) 
26 74 1222 
3 H’ Ra 18,152 11 1487 7269 
765 
(51%) 
122 
(8%) 
40 60 3780 
4 
K’ 
Bang 
Dak 
Roong 
34,196 15 847 3239 
764 
(90%) 
47 
(6%) 
10 90 1620 
5 Krong 31,224 23 1123 4796 
61 
(5%) 
935 
(83%) 
12 88 2302 
6 
Kon 
Pne 
17,410 3 322 1355 
160 
(50%) 
117 
(36%) 
4 96 596 
7 
Dak 
Doa 
Ha 
Dong 
19,810 5 754 4012 
495 
(66%) 
47 
(6%) 
- 100 1725 
Total 3 7 141,012 71 6629 30942 
3051 
(46%) 
1353 
(20%) 
18 82 15387 
 
3.4.2. Labor and ethnicity 
There are 15,387 laborers in the buffer zone, accounting for 49.7% of the total 
population of the region. Labor structure by sector is divided as follows: Agriculture: 
14,633 people (95.1%); Forestry: 205 people (1.3%); Handicraft: 77 people (0.5%) 
and other sectors: 477 people, corresponding to 3.1%. Thus, the structure of 
employment by sector indicates that the income of local people comes mainly from 
agriculture. 
 
More than 80% of residents in the area are ethnic minorities. Most of them belong to 
the Bahnar group, mainly inhabiting the Đăk Đoa and K’Bang districts. In particular, 
100% of the Hà Đông commune population is Bahnar people. Kinh live mainly in 
communes of Mang Yang district, accounting for 30-40%. 
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3.4.3. Poverty status 
Classification criteria for poor and near-poor households applying for the period 2011 
to 2015 are: poor households have an average income of less than 400,000 
VNĐ/month; near-poor households have an average income from 401,000 to 520,000 
VNĐ/month. The proportion of poor and near-poor families is relatively high, 
compared to whole province. 
 
Compared to other communes of Đăk Đoa and K'Bang districts, the communes of the 
Mang Yang district have a lower poverty rate, accounting for between 40% and 60% 
of households in the commune. A major cause is that the communes of Mang Yang 
district have a high proportion of Kinh. On the other hand, Mang Yang is a central 
district of Gia Lai province, so the economic development is better than in other 
districts. Additionally, the two communes H’Ra and A Yun are located along Highway 
19, connecting Pleiku city to Quy Nhơn city where they have better conditions for 
economic development than other communes in the buffer zone (Trai et al., 2000; 
KKK, 2013, KKK, 2014). 
 
The Đăk Roong, Krong and Kon Pne communes of K’Bang district have high poverty 
rates, from 89% to 96%. There are not many Kinh people there, mainly government 
officials, teachers, service workers or businessmen. Krong has the lowest rate of poor 
families (5%) but relatively high near-poor household proportion (83%). Hà Đông is a 
newly established commune in the Đăk Đoa district, where 100% residents are Bahnar 
and the poverty rate is 67%. 
 
Food security in the buffer zone is not guaranteed. Many families in the communes 
still lack food from April to May of the year, usually in pre-harvest seasons. People 
often cope with that by harvesting forest products, borrowing, selling young 
agricultural products or waiting for state support (Trai et al., 2000; KKK, 2013, KKK, 
2014). 
 
3.5. Forest resources classification 
3.5.1. The Loeschau’s classification system 
In Vietnam, the Loeschau’s classification (the forest classification system of Germany) 
is often applied for evergreen board-leaf and semi-deciduous timber forests (Phuong et 
al., 2011). Kon Ka Kinh national park is still using this classification system. There are 
four groups as follows. 
 
a. Group 1: Without or not yet forested, only grass, shrubs or timber tree, bamboo 
scattered with the cover of less than 0.3. 
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Depending on current status, this group is classified as: 
- State IA: Typified by grass, banana 
- State IB: Typified by shrubs, bushes and possibly scattered timber trees or 
bamboo stems 
- State IC: Typified by remarkably regenerated timber trees. It is only classified 
IC when the number of regenerated timber trees above 1 m high add up to more than 
1000trees/ha. 
 
b. Group 2: Regenerating forest with small diameter pioneer trees depending on status 
and history to define: 
- State IIA: One storeyed - secondary forest, after shifting cultivation, 
dominated with light demand fast growing even-aged pioneer trees. Normally, 
diameter average is less than 10 cm, and total basal area is less than 10m2/ha. 
- State IIB: Regenerating forest after exhausted logging, mostly young light 
demander uneven-aged tree species with some remaining trees, unclear dominance, 
develop over this forest storey with limited volume. Diameter average is greater than 
10 cm, total basal area is greater than 10 m2/ha. The association classified under this 
forest state has the diameter of not exceeding 20 cm. 
 
c. Group 3: Impacted – secondary forest: 
Forest association is negatively impacted by human beings in different ratios deriving 
changes to the stable forest structure to some extent. Depending on impact ratio and 
productable provision, this group is divided into two following states: 
- State IIIA: Typified by heavily logged structure, the possibility of current 
logging is limited. The stable forest structure has been totally destroyed or remarkably 
changed. 
This state is divided into 3 subgroups as follows: 
+ State IIIA1: Exhaustedly logged, forest canopy resembles a 
largely destroyed mosaic. The upper storey remains with far less value 
trees surrounded by climbers or competition with bamboo. Coverage is 
<0.3; total area is < 10m2/ha; volume is < 80m3/ha. 
Depending on status to classify: 
IIIA1.1: Lack of regeneration.  
IIIA1.2: Full regeneration. 
+ State IIIA2: Exhaustedly logged forest but well-regenerated, 
typical of this state is that the middle storey develops to dominate most 
trees with diameters of 20-30 cm. The forest has at least two storeys, the 
canopy of the upper one is discontinuous, forming mainly by the middle 
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storeyed trees previously, scattered with big trees. Coverage is 0.3-0.5; 
total area is 10-15 m2/ha; volume is 80-120 m3/ha. 
Depending on the ratios of potential crop tree of the middle storey 
and current status to classify: 
IIIA2.1: Lack of regeneration.  
IIIA2.2: Full regeneration.  
+ State IIIA3: Moderately logged or developed from IIIA2, forest 
association is quite closed by two or more storeys. The typical difference 
in this state in comparison to IIIA2, there are trees with diameter of more 
than 35 cm which can be logged. Coverage is 0.5-0.7; total area is 16-21 
m2/ha; volume is > 120 m3/ha. 
- State IIIB typified by association which has been selectively logged with rare 
and good quality trees but not yet created the changes of stable forest structure which 
provide high volume with big trees for sawn boards. Coverage is > 0.7; total area is 
21-26 m2/ha; volume is > 250 m3/ha. 
 
d. Group 4: Primary forest or secondary – mature forest that has not yet been logged. 
This state of forest has stable structure, storeys and diameter classes but sometimes a 
lack of lower and middle storeys. Coverage is > 0.7; total area is > 26 m2/ha; volume is 
> 250 m3/ha, total area of trees with diameters larger than 40 cm is greater than 5 
m2/ha. 
This group is divided into two following states: 
- State IVA: Primary forest. 
- State IVB: Secondary – regenerated forest 
 
3.5.2. The relationship between forest types with development phases  
From the criteria of forest types based on the Loeschau classification system, they are 
compared with characteristics of development phases of forests or successional stages 
(Figure 3.6). It could be confirmed that terminal phase and disintegration phase are 
missing in Type IIb. In contrast, Type IV includes all phases mentioned in Figure 3.6 
scattered on a mosaic (Leibundgut, 1982; Barnes, 1998). A mosaic example of the old-
growth forest is presented in Figure 3.7. 
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Figure 3.6: Forest development phases (Begehold, 2015) 
 
Figure 3.7: Development phase distribution of the old-growth forest 
(Leibundgut, 1982) 
Over 100 year optimal phase 
Older phase 
Decay and rejuvenation phase 
Up to 40 years old jungle 
40 to 100 year old stocks 
Plenter forest phase 
Profile strips 
Sample plots 
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This study is implemented for two types: Type IIb (secondary young forests) and Type 
IV (old-growth forests). Plots are established on these types. Plot establishment, data 
collection and analysis methods will be presented in the next chapter. 
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CHAPTER IV: METHODOLOGY 
 
4.1. Plot establishment method 
Data were collected from 10 plots of secondary forests (Type IIb) and 10 plots of 
primeval forests (Type IV). These forests are shown in the following figures. 
 
 
Figure 4.1: Type IIb 
 
Figure 4.2: Type IV 
 
Stratified random sampling was applied to select plot locations (Shiver and Borders, 
1996), because the forest resource is not homogeneous (Shiver and Borders, 1996). 
The region was divided into forest types. After that, plots were selected randomly in 
each forest type (Figure 4.3), so the data could be treated statistically later (Bormann, 
1953). All plots lie on an identical soil type. Additionally, all other factors such as 
elevation, aspect, sloping, etc., are similar. 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4.3: Plot arrangement 
 
The plots were established in Kon Ka Kinh national park. The study site was an area 
with a homogeneous forest located on terrain sloping in one direction (Bormann, 
1953). The rectangular plot was used (Bormann, 1953; Shiver and Borders, 1996). 
Type IIb 
Type IV 
Plots 
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2000 m2 plots were used to measure trees with diameter greater than or equal to 6 cm. 
After that, 1 ha plots were established to inventory gaps and regeneration trees as 
follows. The longer side was parallel to the contours. Figure 4.4 shows the nested plot 
arrangement. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4.4: Plots establishment 
 
To set up the 2000 m2 sample plots for tree measurement, the followings steps were 
applied (UN-REDD Vietnam, 2012): 
- In the sampling areas, with a stake, a start point was set. 
- One person stood at the starting point and made the direction for the first plot 
side. 
- Another person used a measuring tape to measure the distance from the 
starting point following the direction of the plot sides. The distance length must be 
horizontal and at every 10 m, one stake must be set up. All stakes of one side must lie 
on a straight line. The distances of the two sides were 40 x 50 m. 
- To make sure the plot was a rectangle, all corners formed by two sides must 
be 90 degrees by applying the Pythagorean Theorem for a right triangle (3 m x 4 m x 5 
m) (Hinh and Giao, 1996). 
- After setting up the plot with stake makers at every 10 m on each side of the 
plot, poly rope was used to border the plot through stake makers. 
- General information (location, coordinates at plot center) were recorded in the 
field notes. Figure 4.5 show some plot establishment activities in the study site. 
  
100 m 
100 m 
40 m 
50 m 
One-ha plot is used to 
investigate gaps and 
regeneration 
2000 m2 plot is used 
to inventory trees 
(>6 cm) 
a. Determining a side direction
 
4.2. Data collection method
4.2.1. Data collection for 
4.2.1.1. Tree data collection
When the plot was set up, if a tree 
in the plot, it was counted and measured. 
height and crown width of all trees with 
recorded in Table 4.1 (Hinh and Giao
caliper (Philip, 1998). The fixed arm 
height. The moveable arm 
the scale was read directly (Brack, 1999
perpendicular to the bole (Philip, 1998). Tree d
West and South-North. Then the average value 
 
There are some notes about measured
4.6. 
Figure 4.6: Measuring position of DBH
 
 b. Measuring distance
Figure 4.5: Plot establishment 
 
overstorey stem maps 
 
had more than or equal to half of the diameter trunk 
The diameter at breast height (DBH), total
boles larger than 6 cm were
, 1996). Tree diameter was 
was placed along one side of the tree at 
was then placed flush against the other side of the tree and 
). The plane of the caliper ha
iameter was measured two times: East
was then calculated.
 positions of DBH. They are sho
 
 (FMFACP, 2001)
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 measured and 
measured by using a 
1.3 m 
d to be 
-
 
wn in Figure 
 
 For large trees with high 
and is indicated in Figure 4.7
- Measured by the length of 
diagram). 
Figure 4.7: Diameter measurement for but
 
- Stood 10 m away from the bole
- Held the ruler in the upright vertical position from 
diameter of the bole above the root plank (D, m), read the corresponding measurement 
off the ruler (Db, cm). 
- Calculated tree diameter using the following formula:
2
1
( ) b
D xL
D m
L

 
Total tree height was measured by using Blume Leiss
of medium size and weight (Brack, 1999). 
and height measurement.
 
Figure 4.8: Diameter measurement by 
using a caliper
plank roots or buttress roots, a following method
 (Hairiah et al., 2011). 
the arm (L1, m), see schematic graph (following 
tress root trees (Hairi
 (L2, m). 
the eye, measure
 
, a height measuring instrument 
Figure 4.8 and Figure 
 
 
 
Figure 4.9: Height measurement 
using a Blume
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 was applied 
 
ah et al., 2011) 
d the tree 
(4.1) 
4.9 show diameter 
 
by 
-Leiss 
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To measure the total height, the following steps were implemented (Brack, 1999): 
- Selected a position, 20 m horizontal distance from the base of a tree where the 
tree tip and base can be seen. 
- Released the pointer by pressing the button on the side of Blume-Leiss. 
- Looked at the tree tip, waited for a moment for the pointer to settle then pulled 
trigger. 
- Read the height directly from the 20 m scale. 
- Looked at the tree base and repeated above steps. 
- Based on results from above steps to decide total tree height: 
+ Added the 2 heights together if surveyors looked up to the tree tip in 
step 3 and down to the base in step 5. 
+ Subtracted the height to the base from the height to the tree tip if 
surveyors were on sloping ground and had to look up to both the tree tip and the 
tree base. 
- Checked all readings and records. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4.10: Measured variables of a tree 
 
For the crown width, it was measured by using a measurement tape. The width of a 
crown can be measured by projecting the edges of the crown to the ground and then 
measuring the distance along one axis from edge to edge (Brack, 1999). East-West and 
Crown width 
T
ot
al
 h
ei
gh
t 
1.
3 
m
 
DBH 
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South-North sides were measured and recorded to the Table 4.1. Figure 4.10 shows 
measured variables for a tree. Actual used form is shown in Appendix 3. 
 
Table 4.1: Tree data collection 
Plot ID: ……………………………… 
No. of data collection plot: ………… 
Forest type: ………………………… 
Surveyor: …………………………… 
Location: …………………………… 
Canopy cover: ……………………… 
Inventory date: ……………………… 
Forest status: ……………………… 
No. Species 
D1.3 
H Hunder 
Crown Width 
E-W S-N Average E-W S-N 
1         
2         
3         
…         
 
4.2.1.2. Tree positions 
A 2000 m2 plot was divided into 4 strips. Spacing between lines was 10 m (Popma, 
1998). After that, the first strip was broken down into 5 sections. Each section was a 
square 10x10 m. The vertex of the first corner (smaller black dot in Figure 4.11) was 
the origin (0x0) (Figure 4.11). 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4.11: Divided strips in 2000 m2 plot 
 
X and Y coordinates of all trees in Strip 1 were recorded by using Table 4.2. For Y, it 
is the perpendicular distance from the tree center point to the sub-plot side (see Y in 
Figure 4.11). For X, it is the addition of X1 and X2. X1 is a fixed distance from the first 
edge to the working 10x10 m sub-plot. X2 is a distance from the tree center point to the 
side of the working 10x10 m sub-plot. Units of X and Y were centimeter. Table 4.2 
40m 
50m 
10 m 
Strip 4 
Strip 3 
Strip 2 
Strip 1 
Y 
X1 X2 
Methodology 
51 
was used to record information of trees in the first trip. Actual used form is shown in 
Appendix 2. 
 
Table 4.2: Tree position inventory 
Strip number: ………………………. 
Plot number: ………………………… 
No. of data collection plot: ………… 
Forest type: …………………………. 
Canopy cover: ……………………… 
Inventory date: ……………………… 
Surveyor: …………………………… 
Forest status: ………………………… 
No. Species 
DBH 
H Hunder 
Crown W. 
X 
(cm) 
Y 
(cm) 
E-W 
(d1) 
S-N 
(d2) 
E-W S-N 
1          
2          
3          
…          
 
4.2.1.3. Gap inventory 
Gap inventory was conducted in each 1 ha plot. A gap was defined as expanded gap. 
That is a canopy gap plus adjacent area extending to dominant trees bases surrounding 
the gap (Runkle, 1982; Huth and Wagner, 2006). The following figure shows a gap in 
the study site. 
 
Figure 4.12: A gap in the study site 
 
Strip transects using intersects as a criterion for sampling gaps were used to increase 
the number of gaps sampled because 1 ha was not very large (Runkle, 1992). The plot 
was divided into 5 strips. A gap was investigated if at least one base of the surrounding 
trees lay in the plot. That means that a gap was selected if at least one tree base was 
intersected by the plot boundaries. In this study, a gap was closed if a regrowth height 
was equal or greater than one-third the height of surrounding canopy (dominant 
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canopy). Figure 4.13 indicates gap arrangement and investigation in a plot. It is close 
to the first criteria of Tyrrell and Crow (1994). 
 
In each gap, the longest and shortest sides of the gap were measured in meters by 
using a tape. After that, some other information about gap marker, gap sketch, adjacent 
forest and gap site characterization were collected (Runkle, 1992) (See Appendix 5). 
 
 
 
 
 
 
 
 
 
 
Figure 4.13: Gap arrangement and investigation in a plot 
 
4.2.2. Data collection for regeneration 
Transect walk inventory and systematic sampling method were applied. That method 
is called “Plot-count”. It is simple and straightforward (Stein, 1992). The 1 ha plot was 
divided into 5 strips. Spacing between transects and distance between 4 m2 subplots 
were also 20 m. The 4 m2 subplot arrangement and setup are presented in Figure 4.14 
and Figure 4.15. In each 4 m2 subplot, information was recorded and written in a table 
form. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4.14: Regenerating tree investigation 
20 m 
100 m 
100 m 
20 m 
20m 
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Figure 4.15: A sub-plot to investigate regeneration 
 
Regeneration inventory: determining scientific names of regenerated plants according 
to 6 height levels (0 ÷ 1.0 m; 1.0 ÷ 2.0 m; 2.0 ÷ 3.0 m; 3.0 ÷ 4.0 m; 4.0 ÷ 5.0 m, 5.0 ÷ 
6.0 m). Regenerating plants were classified by origin (sprout, seeding) for each 
species. The results were recorded in Table 4.3. Actual used form is shown in 
Appendix 4. 
 
Table 4.3: Regeneration investigation 
Plot ID: ………………………………….…….…...……………… 
Forest type: ………………………………………….……………… 
Regeneration plot ID: …………………………………….………… 
Forest status: …………………………………….………………… 
No. Species Quality Sum 
Height class (m) 
0-1.0 1.0-2.0 2.0-3.0 3.0-4.0 4.0-5.0 5.0-6.0 
Origin Origin Origin Origin Origin Origin 
Sp S Sp S Sp S Sp S Sp S Sp S 
1                
2                
3                
…                
 
Some activities during the fieldwork will be presented in Figure 4.16. List of 
instruments and materials for data collection for one plot are presented in Appendix 1. 
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a. Going to the site by motorbike 
 
b. Crossing a stream 
 
c. At plot IIb6 
 
d. Recording gap information 
 
e. Having lunch in the forest 
 
f. Protein source for hard days 
 
g. In the primary forest 
 
h. Good morning at the research station 
Figure 4.16: Other fieldwork activities 
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4.3. Data analysis method 
4.3.1. Applied methods for the upper layer 
4.3.1.1. Stand information 
a. Calculation for each tree 
After collecting data in the field, some first calculations were conducted. 
- Diameter and crown diameter average. 
The two diameter measurements were averaged using an arithmetic mean as follows 
(Brack, 1999). 
2
21 ddd

  (cm)
 
(4.2) 
Where, d1, d2 = two diameter measurements, East-West and South-North. 
 
- Basal area of each tree. 
The basal area was computed by following formula: 
2
.
4
dgi

  (m2) (4.3) 
 
- Formula to calculate the volume of each tree: 
fhgv iii ..  (m
3) (4.4) 
Where, hi = the total height of each tree. 
  f = tree form. For natural forests, f is 0.45 (Hinh and Giao, 1996). 
 
b. Calculation for a stand 
Calculations for a stand were made after the completion of the calculations for each 
tree. Hinh and Giao (1996) indicated formulas in order to compute this information. 
 
- Stand density per hectare (ha). 
plot
plotha
S
NN
10000
  (trees/ha) (4.5) 
Where,  Nha = the number of trees per ha. 
  Nplot = the number of trees in a plot. 
  Splot = the area of each plot in m
2. 
 
- Total basal area of the stand per ha. 
plot
n
i
iha
S
gG
10000
1

  
(m2/ha) (4.6) 
Where,  Gha = total basal area per ha. 
  gi = the basal area of each tree. 
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- Stand volume per ha. 
plot
n
i
iha
S
vM
10000
1
 

 (m3/ha) (4.7) 
Where,  Mha = stand volume per ha. 
  vi = the volume of each tree. 
 
Based on above formulas, all calculations for this section were carried out using 
Microsoft Excel 2013. The program’s license belongs to Dresden University of 
Technology (TU-Dresden). 
 
4.3.1.2. Descriptive statistics for height and diameter variables 
Descriptive statistics were calculated for diameter and height variables. There are three 
types of descriptive statistical values. They are central tendency, statistical dispersion 
and distribution characteristic values. 
 
a. Central tendency 
This refers to one number that best summarizes the entire set of measurements. That 
means that central tendency values describe the most typical value in the dataset. 
 
Mean is the sum of all the measurements, divided by the number of measurements.  
This is the most used measure of central tendency because of its mathematical 
qualities (Lane et al., 2013). 



n
i
ix
n
x
1
1
 (4.8) 
 
Mode is the number that appears most in the dataset. This means that mode has the 
greatest frequency in the set (Varalakshmi et al., 2005). Meanwhile, median is the 
middle number of the set. In other words, half the values will be smaller and the 
remaining half will be greater than the median (Varalakshmi et al., 2005). 
 
b. Dispersion and variability 
Measures of dispersion summarize the amount of spread or variation in the distribution 
of values in a variable. There are many different measures of dispersion and variability 
of the set. They are shown in the following table. 
 
  
Methodology 
57 
Table 4.4: Measure of dispersion and variability 
(Tuat and Hinh, 2009; Gaten, 2000) 
Type Formula Description 
Maximum Xmax (4.9) The greatest number in the dataset. 
Minimum Xmin (4.10) The smallest number in the set. 
Range R= Xmax- Xmin (4.11) 
Difference between highest and lowest values 
in the set. 
Variance 




n
i
i xx
n
S
1
2 )(
1
1
 (4.12) 
Indicating the spread and variation of values in 
the set. 
Standard 
deviation 
2SS   (4.13) 
The square root of sample variance. It will also 
show the dispersion and variability of the set. 
Coefficient 
of Variation 
100% 
x
S
S  (4.14) 
Indicates how much variation occurs within 
the dataset. 
Standard 
error n
S
SE   (4.15) 
Another way to describe deviation from the 
mean or uncertain of measurements. 
 
c. Measures of distribution shape 
The shape of the distribution can assist to choose the appropriate descriptive statistics 
to use. If the data are normally distributed, the mean, median and mode are identical, 
and therefore are all suitable measure of central tendency. If the data are skewed, the 
median may be a more appropriate measure of central tendency. Distribution shape 
measures comprise Skewness and Kurtosis. 
 
- Skewness 
Skewness is a measure of the asymmetry of the distribution. If the skewness is 
positive, the peak curve will lie on the left compared to the mean and it is called 
positive skew. Meanwhile, if the skewness is negative, the peak will move to the right. 
It is called negative skew (Figure 4.17). The following formula is used to calculate 
skewness (Tuat and Hinh, 2009; Varalakshmi et al., 2005). 
3
1
3
.
)(
Sn
xx
S
n
i
i
K



  (4.16) 
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Figure 4.17: Distribution skewness 
 
Kurtosis 
This is the degree of peakedness of a distribution. A normal distribution is mesokurtic, 
that is, a bell-shaped curve. A distribution having a relatively high peak is called 
leptokurtic with heavier tails, while the curve which is flat-topped is called platykurtic 
with lighter tails (Figure 4.18) (Jayaraman, 1999). The kurtosis formula is: 
3
.
)(
4
1
4





Sn
xx
K
n
i
i
 (4.17) 
 
 
 
 
 
 
 
 
 
 
Figure 4.18: Distribution peakedness 
 
There are many computer programs that can calculate descriptive statistics. In this 
part, R was used. Particularly, the psych package was run (Revelle, 2015). That is a 
simple way to get all descriptive statistical measures. The following commands were 
run (Revelle, 2015). 
 
library(psych) 
by(data$DBH, Plot, describe) # For DBH variable. 
by(data$H, Plot, describe) # For the total height variable. 
 
Positive skewness (Sk>0) Negative skewness (Sk<0) 
Leptokurtic (K>0) 
Mesokurtic (K=0) 
Platykurtic (K<0) 
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4.3.1.3. Linear mixed-effects analysis 
A linear mixed model (LMM) is an extension of a linear regression model. LMM is 
used for data which are collected and summarized in groups. Mixed models analyze 
the relationship between a response variable and independent variables (Mathworks, 
2016). The response variable is continuous, and independent variables can be both 
continuous and discrete (West et al., 2015). Another different point from linear 
regression models is that independent variables can be categorical. Therefore, LMM 
can be used to compare groups in order to understand the difference between them. 
 
The grouped data suitable for analysis by LMM includes longitudinal data, repeated 
measures data, multilevel data, nested designs and block designs (Pinheiro and Bates, 
2000; Faraway, 2006; Wagner, 2014). There are two main parts in a mixed-effect 
model. They are the fixed factor and the random factor. It is critical to distinguish 
them in the context of LMM. There are some clues that can be used to distinguish and 
apply them accurately, especially for the data from nested designs. Fixed variables are 
categorical or continuous. In other words, fixed-effect terms are usually the 
conventional linear regression or analysis of variance parts (Faraway, 2006; Winter, 
2013; Wagner, 2014; Mathworks, 2016). They are both factor variables (like factors in 
analysis of variance) with fixed values and continuous variables (like independent 
variables in regression models). They are the object of interest of analysts. Fixed 
variables are a part of research hypotheses. They are used directly to analyze the 
relationship with the response variable or check the differences between groups. In 
contrast, a random factor is a classification variable. It is a discrete variable. It is 
randomly sampled from a population of levels being studied (Faraway, 2006). Random 
variables are always higher than the analyzed individuals by at least one level, 
especially for nested designs. Random variables are used to check the non-randomness 
of the data. Therefore, it must include all the analysis units. 
 
Up to now, there are some packages which can be implemented to conduct LMM 
analysis such as lme4 and nlme. In the case of this study, the nlme package was used. 
Therefore, a linear mixed-effect model consists of some main components: a response 
variable, fixed variables, data file name, random variables and used methods (Pinheiro 
et al., 2016). 
 
model = lme(A response variable ~ fixed variables, data, random variables, 
method) 
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In this, the method has two common approaches: maximum likelihood (ML) and 
restricted maximum likelihood (REML) in order to estimate parameters (Pinhiro et al., 
2016).  
 
REML is preferable because it provides unbiased estimates of covariance parameters 
(West et al., 2015). If the fixed variables are factor variable with many levels, for each 
level, a single parameter is estimated (Wagner, 2014). If the model has both fixed 
factors and random factors, both ML and REML can be used. However, if the model 
has only fixed effects, ML must be used (West et al., 2015). 
 
a. Applications with this study and data arrangement 
In the case of this study, the difference between the diameter and height of trees 
between two forest types (Type IIb and Type IV) needed to be checked. The average 
diameter and height of trees were calculated in each plot. The plots are analysis units. 
The plots were randomly sampled in each section. The sections were also drawn 
randomly from the population (Kon Ka Kinh national park). The area of each section 
is restricted because of limited human resources, paths and living conditions in the 
park. The plots in the same section are often closer to others, compared to the plots in 
different sections. Therefore, spatial autocorrelation or non-randomness could be 
present between plots in the same section. 
 
From above explanations, tree diameter and height were response variable for models, 
because they are continuous variables. Forest type was a fixed variable, because the 
difference among two forest types should be analyzed and understood. There were two 
types: Type IIb and Type IV. Section was a random factor because it influenced 
randomly on the data (Winter, 2013). This random variable was set to check the spatial 
autocorrelation among plots in the same section. This data can be called two-level 
clustered data. That means that the first level is analysis units, and in this study these 
are plots. Level 2 is the section, and that is a random factor (West et al., 2015). 
 
Before analyzing with LMM, variables and data had to be arranged as follows (Table 
4.5). In this, DBH and H were averages of diameter and height variables for each plot. 
X and Y were coordinates of plots measured in meters. Rows were plots of two types. 
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Table 4.5: Variable arrangement in R 
Type Section Plot DBH H X Y 
Type IIb … … … … … … 
… … … … … … … 
Type IIb … … … … … … 
Type IV … … … … … … 
… … … … … … … 
Type IV … … … … … … 
 
The model for diameter variable was: 
jiji SectionbTypeDBH ,,10 )()()(    (4.18) 
Where:  0 = the intercept. 
1 = a parameter estimated for fixed effects (Type). 
b = a parameter for the random effect (Section). 
ij = error. 
A model for height variable is very similar, but instead using a DBH by H variable. 
 
For the next steps of analysis by using LMM, the following commands were run first 
to attach data files, make the Type variable a fixed factor, draw a box chart in order to 
gain some basic information about differences between two types, run the nlme 
package and a mixed model. The following commands were used for the DBH 
variable. The data file name is “data”. 
 
attach(data) 
Type = factor(Type) 
boxplot(DBH ~ Type, notch = FALSE,  data = data, xlab = "Type",  
        ylab = "Diameter at breast height",  boxwex = 0.5, lty=1, 
col=c("green","red")) 
library(nlme) 
model.lme = lme(DBH ~ Type, data = data,  
                 random = ~ 1|Section,  
                 method ="REML") 
 
b. Homoscedasticity checking 
LMM uses parametric statistics, meaning that there are some assumptions that need to 
be satisfied. These are the homogeneity of variance, independence and normality of 
residuals (Pinheiro and Bates, 2000; Zuur et al., 2009). 
 
Firstly, variance homogeneity of residuals should be examined. It is the most 
important assumption of linear regression and additive modeling (Zuur et al., 2009). A 
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raw residual is the difference between an observed value and the predicted value of the 
response variable (West et al, 2015). To check variance homogeneity, a diagnostic plot 
is often used. That is a plot of raw residuals against fitted values (Figure 4.19). If there 
is no heteroscedasticity, the plot will display a random pattern and constant variability 
along the vertical axis, like the following figure (Gałecki and Burzykowski, 2013). In 
other words, the plot should show the same residual spread per stratum for some of the 
variables (Zuur et al., 2009). That means that the model equally explained the actual 
data at that point. Heteroscedasticity will lead to parameters with incorrect standard 
errors, and wrong F and t statistics, because they do not follow F and t distributions. 
As a consequence, the significance of the model and estimated parameters will be 
wrongly assessed. 
 
 
Figure 4.19: A typical diagnostic plot showing no heteroscedasticity 
 (Gałecki and Burzykowski, 2013) 
 
To achieve that plot in R, the following command was implemented. 
 
plot(model.lme, resid(., type = "n") ~ fitted(.), abline = 0, pch=19, 
col="red") 
 
There are some ways to deal with heteroscedasticity. The first solution is data 
transformation, but this method should not be used, because the data will be changed 
and then it is not your data any more. Another better way is to use variance structure 
functions. In R, there are some functions to deal with heteroscedasticity such as: 
varExp, varIdent, varFixed and varPower functions. They will weight variances 
differently between groups and make variances more homogeneous. In practice, it is 
better to use varPower, varExp, or varConstPower, because they allow more flexibility 
than the varFixed (Pinheiro an
varExp is often applied. For example:
 
model1.lme = update(model.lme, weights = varExp())
 
c. Checking autocorrelation
Independence is the second 
is used. In other words, the correlation 
not independent from each other, autocorrelation will occur. Correlated residuals can 
occur for serial and spatial data (Pinheiro and Ba
 
In this study, the data is not time
dimensional positions. For this type of data, there is 
closer units will have stronger correlation
Therefore, to check autocorrelation,
between residuals are independent
(Wagner, 2014).  
 
Autocorrelation can be explained by using 
the forest with their residuals, as can be seen in Figure: 4.20
 
Figure: 4.20: Six plots on the ground with their residuals
 
After that all distances between two plots are calculated, red segments in above figure. 
Actual lengths are shown in 
levels. Level 0 is very short distances (blue square dots in Figure 4.21), while level 1 is 
longer distances (red circle points in Figure 4.21).
 
1.2 
1.4 
d Bates, 2000; Zuur et al., 2009
 
 
 
important assumption that should be satisfied when LMM 
of residuals should be checked. If residuals are 
tes, 2000; Wagner, 2014).
-series data. The data was indexed by two
often a trend. That is 
, compared to residuals of 
 this means investigating whether 
 or dependent on the distance between subjects 
the following example. There are 6 plots in 
  
Table 4.6. And then distances are discretized to two 
 
 
1.1 
3.1 
3.3. 
3.5 
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). In this research, 
 
-
residuals of 
further units. 
the correlation 
 
 
R1
 
 
Figure 4.2
 
Figure 4.21 shows that residuals with short distances (level 0) have very strong 
correlation (0.98836), while those with longer distances (level 1) have no correlation
(-3.8E-17). 
 
Table 4.6: Distances and levels 
 R2 Distance Level 
1.2 1.4 0.7071068 0 
1.2 1.1 1.0198039 0 
1.2 3.1 5.5901699 1 
1.2 3.3 5.3935146 1 
1.2 3.5 6.1846584 1 
1.4 1.1 0.8602325 0 
1.4 3.1 5.4083269 1 
1.4 3.3 5.0289164 1 
1.4 3.5 5.85235 1 
1.1 3.1 4.6141088 1 
1.1 3.3 4.3737855 1 
1.1 3.5 5.1662365 1 
3.1 3.3 1.5297059 0 
3.1 3.5 1.4142136 0 
3.3 3.5 0.8602325 0 
1: Points with different distance levels
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For real data with many measurements, many distance levels will be computed and 
generated and the correlation of residuals with different distance levels will be 
calculated and presented by using a semi-variogram technique (Wagner, 2014). 
 
Semi-variance is a half mean of the squared differences between residuals of analysis 
subjects with distance (d). In my case, the subjects are plots.  
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In which,  Ri is residual at i. 
  Ri+d is residual at i+d. 
  d is distance, n is sample size. 
 
Smaller semi-variance leads to stronger correlation of residuals and makes the semi-
variogram closer to 1.  Semi-variograms will provide researchers with answers to the 
following questions: does autocorrelation exist in the data? And from which distance 
does the autocorrelation not exist? Figure 4.22 indicates that the increase of the 
distance results in a decrease of autocorrelation. The autocorrelation occurs in the data 
with short distances. In addition, if the distance is greater than about 35, the 
autocorrelation does not occur. In other words, analysis units are independent. 
 
Figure 4.22: An example of semi-variogram (Wagner, 2014) 
 
If the data is spatial, coordinates of analysis units are needed to detect autocorrelation. 
Therefore, in this study, the coordinates of the plots were used for checking. X and Y 
were variable names of plot coordinates. The following command was called. 
 
plot(Variogram(model1.lme, form = ~X+Y, resType = "n"), smooth = TRUE, cex 
= 1.5) 
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The maxDist function can be used to set the maximum distance so as to see the 
autocorrelation more obviously. If there is autocorrelation in the model, the corLin or 
corExp functions could be applied to adjust and remove the autocorrelation (Pinheiro 
and Bates, 2000; Wagner, 2014), for instance: 
 
model2.lme = update(model1.lme, correlation = corExp()) 
 
d. Checking normal distribution of the residuals 
Normal distribution is another assumption should be satisfied in order to use LMM. 
This assumption is less important than previous ones, and it is not a serious problem. 
The normality assumption is not needed if the sample size is large enough (Zuur et al., 
2009). Taking mean values from samples and using them in LMM can meet this 
assumption because of the central limit theory. If the number of replicates is large, the 
distribution of mean values tends toward normality (Zar, 1999), regardless of the 
sample distribution. However, if the number of replicates is not much, normality 
checking should not be based on histogram of raw data. Instead, a model should be 
applied and after that inspect residuals (Zuur et al., 2009). 
  
There are some ways to check and test the normality of residuals. The first method is 
QQplot. QQplot is the quantile-quantile plot. That is an exploratory graphical device 
used to check the validity of a normal distribution assumption for residuals. In this 
plot, the quantiles of ordered residuals are plotted against the corresponding values for 
the standard normal distribution. If all the scatter points are close to the reference line, 
we can say that the dataset follows the normal distribution (Figure 4.23) (Gałecki and 
Burzykowski, 2013). This method is intuitive and graphical. 
 
Figure 4.23: A normal Q-Q plot (Gałecki and Burzykowski, 2013) 
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The following command was run in R to generate QQ plot for normality checking.  
 
qqnorm(model2.lme, abline = c(0,1), pch=19, lty=1, col="red",  main = 
"QQplot to check normality") 
 
Another way to test the normality assumption of the residual is the Shapiro-Wilk test. 
This test work best if the dataset size is less than 50 (Zar, 1999). To conduct this test, 
following steps should be implemented (Zaiontz, 2016). 
 
- Step 1: Sorting the data in ascending order: X1<X2<…<Xn 
- Step 2: Calculating SS: 



n
i
i XXSS
1
2)(  (4.20) 
- Step 3: Computing b, taking the ai weights from a provided Shapiro-Wilk table 
(based on the value of n). 
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In which, if n is even, let m= n/2, while if n is odd let m=(n–1)/2 (Zaiontz, 2016). 
 
- Step 4: Calculating the test statistic: 
SS
b
 =W 
2
 (4.22) 
- Step 5: Finding the value in another Shapiro-Wilk table (for a given value of n) that 
is closest to W. This is the p-value for the test. 
- Step 6: Conclusion: If the p-value is greater than or equal to 0.05, the distribution is 
normal. If the p-value is less than 0.05, the distribution is not normal. 
 
In order to run the Shapiro-Wilk test in R for normality checking, the following 
command was applied for the best model. For example: 
 
data$residual = residuals(model2.lme) 
shapiro.test(data$residual) 
 
e. Model selection and information summary 
After establishing models or improving models in the above steps, the update 
command in R was run to update the model information. The ML (maximum 
likelihood) method was applied to compare models. REML should not be used for 
model comparison, especially models with different fixed effects (Faraway, 2006). For 
example: 
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model1a.lme = update(model1.lme, method = "ML") 
model2a.lme = update(model2.lme, method = "ML") 
 
To select the better model, anova was called in R (Pinheiro and Bates, 2000; Faraway, 
2006). For instance: 
 
anova(model1a.lme, model1b.lme) 
 
In my research models are not nested, so the use of information criteria is a possible 
solution (Gałecki and Burzykowski, 2013). Akaike’s information criterion (AIC) is 
again a basis to choose the better model. The formula of AIC is presented in detail in 
4.3.1.5c section. The better model is one that has a smaller AIC (Wagenmakers and 
Farrell, 2004 and Osman et al., 2012) and simpler structure. The p-value will show an 
answer for a question: are the models significantly different?  
 
After conducting all the above steps, the best model was selected. The model 
information was obtained by using commands as follows: 
 
summary(model2.lme) 
 
All the above commands were implemented for the diameter variable (DBH). For the 
height variable, it was very similar, but instead using DBH by H in the commands.  
 
4.3.1.4. Frequency distribution 
a. Generating frequency distributions 
Frequency distributions of diameter and height variables were generated for next 
analysis and discussions.  
 
In order to generate frequency distribution for continuous variables, the five following 
steps were applied (Hung and Thinh, 2011). 
 
- Step 1: Selecting a class width and calculate the number of classes.  
Class limits are usually selected and fixed in order to compare the frequency 
distribution of plots more easily. Therefore, in this research, for the diameter variable, 
the minimum value was 6 cm. The class width of the diameter variable was 2 cm, 
while that of the height variable was 4 cm (Hinh and Giao, 1996; Hung and Thinh, 
2011). 
 
- Step 2: Generating the following table. 
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Table 4.7: Frequency distribution table form 
Class Middle point Frequency Percent Cumulative frequency 
….. ….. ….. ….. ….. 
….. ….. ….. ….. n 
Sum ….. n …..  
 
- Step 3: Tallying data: Put each number into suitable classes. A number was counted 
in a particular class if it was equal to or less than the upper limit of classes. 
- Step 4: Computing frequency, percent and cumulative frequency for every class. 
- Step 5: Drawing frequency charts. They will be bar charts or line charts. 
 
R was used to generate theses distributions. The following commands were applied for 
DBH variable and for one plot. For other plots and the height variable they were very 
similar. 
 
data1=subset(data, Plot == 1) 
t1= hist(data1$DBH, breaks = c(6, 10, 14, 18, 22, 26, 30, 34, 38, 
42, 46, 50, 54, 58, 62, 66, 70, 74, 78, 82, 86, 90, 
94, 98, 102, 106, 110, 114, 118, 122, 126, 130, 134, 138, 142, 
146, 150), main='', xlab="Diameter classes", ylab="Number of trees", 
xaxt="n", xlim=c(0,160), ylim=c(0,100)) 
axis(1, at = c(0, 20, 40, 60, 80, 100, 120, 140, 160)) 
 
b. Frequency distribution difference testing 
Permutational multivariate analysis of variance (PERMANOVA) was used to analyze 
the differences of frequency distributions between two forest types. Applied methods 
in this part are very similar to and more details in Section 4.3.1.7. There are more 
details about PERMANOVA presented in that section. 
 
To compare the diameter frequency distribution of two forest types, a dataframe was 
created, see Table. 4.8. 
Table 4.8: Data structure for comparing diameter frequency 
distributions by using PERMANOVA 
Type DBH class 1 DBH class 2 … … DBH class i 
Type IIb … … … … … 
… … … … … … 
… … … … … … 
Type IV … … … … … 
… … … … … … 
… … … … … … 
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In that table, DBH class 1, DBH class 2, … , DBH class i were classes of the 
distribution. They were independent variables for PERMANOVA. Rows were DBH 
frequencies of 20 plots. For the height variable, it was the same, but instead using 
DBH classes by height classes. 
 
4.3.1.5. Diameter-height regression analysis 
Regression analysis was used in this study to analyze the relationship between the 
diameter at breast height (DBH) and total height of the trees. Correlation analysis also 
contributes to find the best equation to simulate the relationship between variables. It 
is also the basis for predicting the dependent variable (height), based on independent 
variable (DBH) (Tuat and Hinh, 2009; Guerrero, 2010). 
 
a. Used function forms 
Based on scattered charts and some results of previous research, this study tests 
diameter-height regression by using following functions (Table 4.9). 
 
Table 4.9: Used function forms for regression analysis 
No Function form Linearized form Source 
1 y=a+b.x y=a+b.x Tuat and Hinh, 2009 
2 bxay .3.1   )ln(.)(ln)3.1ln( xbay   Osman et al., 2012 
3 y=a+b.ln(x) y=a+b.ln(x) Pretzsch, 2009 
4 y=a+b.x+c.x2 y=a+b.x+c.(x2) Pretzsch, 2009 
5 
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 Pretzsch, 2009 
 
For non-linear functions, starting values in the following table were used. 
 
Table 4.10: Starting values for regression analysis 
Model 1 Model 2 Model 3 Model 4 Model 5 
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r a 2.783 2.8 a -5.482 -5.5 a 6.312 6.3 a -1.986 -2 
b 0.552 0.6 b 7.459 7.5 b 0.565 0.6 b 1.014 1 
            c -0.004 0 c 0.024 0 
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b. Theoretical calculations 
There are some calculative steps in order to analyze the regression between DBH and 
height variables. Some steps for linear regression or linearized form regression are 
indicated as follows (Zar, 1999; Tuat and Hinh, 2009). In this, height is a dependent 
variable (y), DBH is an independent variable (x) and n is the number of trees. 
 
- Step 1: Generating a table and calculating sample variances. 
+ Filling out the following table. 
 
Table 4.11: Sum calculations 
x y x2 y2 xy 
(1) (2) (3) (4) (5) 
... ... ... ... ... 
x y x2 y2 xy 
 
+ Calculating sample variances: 
n
x
xSxx
 
2
2 )(  (4.23) 
n
y
ySyy
 
2
2 )(  (4.24) 
  
n
yx
yxSxy
.
.  (4.25) 
- Step 2: Calculating the sample correlation coefficient. 
yyxx
xy
SS
S
R
.
  (4.26) 
Conclusion: r.100% of observed variation in y can be explained by the simple linear 
regression model with x. 
Notes:  
 - R always ranges from -1 to 1. 
  + R=-1: perfect positive relation between x, y. 
  + -1<R<0: negative relation between x, y. 
  + 0<R<1: positive relation between x, y. 
  + R=1: perfect positive relation between x, y. 
 - R expresses the relation between x and y variables: 
  + /R/ is close to 1: strong regression. 
  + /R/ is close to 0: weak regression. 
 - R2 is called: coefficient of determination. 
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- Step 3: Testing whether R is different from zero. 
 + Hypothesis:  H0: =0 
    H1: 0 
 + Calculating t value to test hypothesis: 
2
1 2


 n
R
R
t  (4.27) 
 + Conclusion: 
  - If /t/ <= critical t (t05(df=n-2)), so H0+, the variables are not related. 
  - If /t/ > critical t  (t05(df=n-2)), so H0-, the variables are related. 
- Step 4: Calculating parameters (a, b) of regression function (y=a+b.x) and model 
utility test for simple linear regression. 
+ Calculating a, b: 
xx
xy
S
S
b   (4.28) 
xbya .     Where: (4.29) 
 iy
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1
 (4.30) 
 ix
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+ Model utility test for simple linear regression 
  + Hypothesis:  H0: b=0 
     H1: b0 
  + Calculating t value to test hypothesis: 
2
.2



n
SbS
S xxye  (4.32) 
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S
S   (4.33) 
bS
b
t   (4.34) 
  + Conclusion: 
  . If /t/<=critical t (t05(df=n-2)), so H0+, there is no useful linear relationship 
between x and y. 
  . If /t/>critical t (t05(df=n-2)), so H0-, there is a useful linear relationship 
between x and y. 
 
- Step 5: Interval estimate for b. 
P(b–tcritical value(df=n-2).Sbb+tcritical value(df=n-2).Sb)=1- (4.35) 
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Conclusion:  
 It means that with (1-).100% confidence we can say the value of  lies 
between the lower limit and the upper limit. 
 
- Step 6: Calculating expected values and drawing the chart. 
+ Calculating expected values by substituting x values from the first column 
into the regression equation found in step IVa. 
+ Drawing the chart: sort columns by ascending x values and generate the 
graph. 
 
To make regression charts in R, some commands were called. The following 
commands are an example for 1 plot. 
 
plot1=subset(newdata, Plot==1) 
nreg1=nls(Function form, plot1, 
list(a=-5.5, b=7.5)) 
plot(H ~ DBH, plot1, main="Plot 1") 
lines(plot1$DBH, predict(nreg1), 
col="red", lwd=2) 
 
c. Model selection 
In this study, the best model is selected based on the correlation coefficient (R) and the 
coefficient of determination (R2) (Pretzsch, 2009), significance of F-test for R 
(P<0.05) (Tuat and Hinh, 2009), significance of parameters estimate (P<0.05) and 
Akaike’s information criterion (AIC) (Osman et al., 2012 and Burnham and Anderson, 
2002). The best function is a function that has the greatest coefficient of determination 
(R2), because R2 will measure the strength of the straight-line relationship (Zar, 1999) 
and R2 really exists in the population. The best also has to have the smallest value of 
AIC (Wagenmakers and Farrell, 2004 and Osman et al., 2012). The AIC formula for 
The Least Squares Case is calculated by following f (Burnham and Anderson, 2002 
and Motulsky and Christopoulos, 2003). 
 
KnRSSnAIC *2)/ln(*   (4.36) 
Where,  n is the number of observations. 
  RSS is the Residual Sum of Square. 
  K is the number of parameters in the model. 
 
To analyze in R, the following commands were called. 
 
t=by(data, Plot,  
     function(x) nls(Function form), list(a=2.8, b=0.6), data=x)) 
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lapply(t, summary) 
sapply(t, AIC) 
 
4.3.1.6. Gap analysis 
a. Descriptive statistics for gaps 
Gap area was calculated by using the elliptical formula area as follows. 
)(
2
.
2
. 2m
ba
areaGap   (4.37) 
 In which: a is the longest side of the gap. 
   b is shortest side of the gap. 
 
To obtain some descriptions about gap area, some descriptive statistics were 
computed. Sample size, mean, standard deviation, median, min, max, range skew, 
kurtosis and standard error were computed by using following commands: 
 
library(psych) 
by(data$Gap.area, Plot, describe) 
 
These statistics are shown in detail in Section 4.3.1.2. 
 
b. Calculating the gap area proportion for each forest type 
The gap proportion is a rate between total area of all gaps divided by the plot area. 
Consequently, some commands were called in R. 
 
# For type IIb 
dataIIb=subset(data, Type == 1) 
sum(dataIIb$Gap.area)/100000 
# For type IV 
dataIV=subset(data, Type == 2) 
sum(dataIV$Gap.area)/100000 
 
c. Gap size frequency distribution 
The steps to create these distributions are similar to the steps for creating diameter 
frequency distributions. These contents have been mentioned in Section 4.3.1.3. The 
following commands were applied for one plot. 
 
data1=subset(data, Plot == 1) 
t1= hist(data1$Gap.area, breaks = c(0, 25, 50, 75, 100, 125, 
                                    150, 175, 200, 225, 250, 
                                    275, 300, 325, 350, 375, 
                                    400, 425, 450, 475, 500, 
                                    525, 550, 575, 600, 625, 
                                    650, 675), 
         main='', xlab="Gap size", ylab="Number of gaps", 
         xlim=c(0,700), ylim=c(0,8)) 
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d. Gap size frequency distribution difference testing 
Permutational multivariate analysis of variance (PERMANOVA) was also applied 
here to test the difference of the gap size frequency distribution between two types. 
The details are very similar to Section 4.3.1.4.b, but instead using DBH classes by gap 
size classes. 
 
4.3.1.7. Spatial point patterns of tree species 
Point pattern analysis is the study of spatial distributions of objects in space (Woodall, 
2016). These objects are presented by points and marks. The points describe the object 
locations, while the marks provide additional information of the objects (Illian et al., 
2008). The marks indicate attributes of the point. The marks can be categorical, e.g. 
species, or continuous, e.g. tree diameter (Baddeley, 2008). Coordinates of objects are 
needed to locate object positions and analyze the point pattern (Baddeley, 2015). In 
plant ecology, spatial patterns and processes play a significant role in the assembly, 
temporal dynamics, and internal functioning of plant communities (Wiegand and 
Moloney, 2014). 
 
There are three main distribution types of the points on the ground. They are random, 
clustered and regular, as can be seen in Figure 4.24. It also shows different interpoint 
interaction. 
 
 
a. Random b. Regular  c. Clustered 
Figure 4.24: Distribution types of the points (Baddeley, 2008) 
 
A point pattern is called a completely random pattern if the two following criteria are 
satisfied. The first property is homogeneity, meaning the average number of objects 
per unit area is homogeneous throughout a random set (Schabenberger and Gotway, 
2004). In other words, the object has no preference for any spatial location (Baddeley, 
2015). The second property is independence, which means the number of objects in 
two different sub-regions is independent. Therefore, a completely random pattern has 
uniform and independent arrangement of the objects throughout the region. The 
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mathematical theory of complete spatial randomness is called the homogeneous 
Poisson process (Schabenberger and Gotway, 2004). 
 
In reality, for many cases, the second criterion can be met. That means that objects 
may be independent in non-overlapping sub-regions. However, the intensity is not 
homogeneous throughout the region. In other words, different sub-regions have a 
different number of objects. This leads to some forms of interpoint interaction. The 
presence of an object can attract or repel other objects nearby. If the average distance 
between an object and it nearest-neighbor object is less than the same average distance 
in a compete spatial random pattern, the pattern is clustered. The objects tend to lie 
closer to one another than would be expected with a completely random distribution 
(Wiegand and Moloney, 2014). In this case the interaction is attractive (Schabenberger 
and Gotway, 2004; Wagner, 2016) and objects often bunch in separate groups. 
Conversely, the pattern will be regular and the interaction is repellent (Wagner, 2016). 
Object often distributes evenly on the ground. 
 
a. Applications 
In the case of this research, the coordinates of tree locations in the first were used to 
analyze point patterns. The object is the overstorey trees. There are some first steps 
that should be followed (Baddeley, 2008). 
 
- Observation window creation  
A rectangular window was generated by using “Owin” command in R. It will provide 
information about the region in which the pattern was observed (Baddeley, 2008). To 
make the window, the following command was used: 
 
W <- owin(c(0,50), c(0,10)) 
 
The window was a rectangle. The length of two dimensions were 10 and 50 units. In 
this study the unit was meters. 
 
- Point pattern object creation 
Point pattern object contained both points and observation window. To create the point 
pattern object, the ppp command in R was used. For example: 
 
# Without a mark. 
X1 <- ppp(x, y, c(0, 50), c(0, 10))  
 
# With the mark. 
X1 <- ppp(x, y, c(0, 50), c(0, 10), marks = DBH) 
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- Unit selection 
In this study, the unit used to determine the tree location was meters, so the following 
command was used to notify R program understanding used unit of X and Y 
coordinates (Baddeley, 2008). 
 
unitname(X1) = "metres" 
 
- Creating a hyperframe and dataset. 
In this research “Replicated point pattern analysis” was used, so the hyperframe had to 
be generated for the next analysis (Baddeley, 2016, page 7). 
 
typedata = c(1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 2, 2, 2, 2, 2, 2, 2, 2, 2, 2) 
fdata = factor(typedata,labels=c("Type IIb","Type IV")) 
H <- hyperframe(Type=fdata, PPP=list(X1, X2, X3, X4, X5, X6, X7, X8, X9, 
X10, X11, X12, X13, X14, X15, X16, X17, X18, X19, X20)) 
 
Where: 1 = code for Type IIb. 
2 = code for Type IV. 
  X1 to X20 = point pattern objects for all plots. 
 
b. Tree density analysis 
+ Density graph. 
The number of trees per area unit was calculated based on the density function. A 
density graph with tree positions was generated by “density” and some other 
commands in R. That will compute a two-dimensional kernel estimate (Baddeley, 
2008). 
 
par(mar = c(0, 0, 0, 0)) 
plot(H, quote(plot(density(PPP), main="")), main=paste("Density graphs"), 
nrows=10) 
 
These charts will provide researchers with a visual analysis of the tree distribution 
before using some tests to make more solid conclusions. 
 
+ Density difference testing 
To test the density difference, the mppm function was called in the spatstat package. A 
Poisson point process was used (Baddeley, 2008). 
 
fit=mppm(PPP ~ Type, data=H, Poisson()) 
summary(fit) # To obtain information. 
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c. Testing for randomness 
Some approaches can be used to describe and present characteristics of the points. The 
simple way is the mapped graph, like in the Figure 4.24. The graphs indicate object 
locations, based on coordinates of the objects. That is very useful preliminary step 
before conducting later analyses to understand its properties (Illian et al. 2008). 
Another mathematical method is to implement functions. 
 
+ Nearest-neighbor G function 
A basic principle of G function can be explained as follows. G functions will take all 
distances between two objects on the analyzed area (Wagner, 2016). The number of 
distances is the number of 2-combinations of n elements. Then, distance frequencies 
will be generated and considered. As can be seen in Figure 4.25, it is distance 
frequency distributions for clustered, random and regular patterns. The intensity of all 
these patterns is 88 points per square meter, so the number of distances is 3828. Based 
on many simulation results, the most notable difference between these frequency 
distribution charts is the number of short distances e.g. less than 2 m (Wagner, 2016).  
 
This difference can be seen more clearly in Figure 4.26. It is apparent that the number 
of short distances of clustered pattern is greater than that of random and regular 
patterns. The cause of that clustered distribution has much closer objects together. In 
contrast, the regular distribution has very few points close to each other. 
 
 
a. Clustered pattern 
 
b. Random pattern 
 
c. Regular pattern 
Figure 4.25: Distance frequency distribution for patterns 
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b. Clustered pattern  c. Random pattern a. Regular pattern 
Figure 4.26: Frequency distributions of short distances for patterns (0-2 m) 
 
Next, the cumulative frequency chart will be built based on the frequency of distances. 
The clustered pattern has many short distances. As a consequence, the cumulative 
frequency line will be steeper than random and regular distributions. Conversely, the 
regular pattern has fewer short distances, thus the cumulative frequency line will be 
flatter, because the slope of the cumulative frequency line represents the number of 
frequencies added (Figure 4.27).  
 
For that reason, in the graph G function, the random pattern (the green line in Figure 
4.27) will be used as a reference to make conclusion about observed pattern. It is 
calculated from the homogeneous Poisson process (Baddeley et al., 2015). If the 
observed pattern is clustered, the cumulative frequency line (G function estimates) will 
be asymptotic to the blue line in Figure 4.27. If the observed pattern is regular, 
cumulative frequency line (estimates) will look like the red line. 
 
 
 
 
 
 
 
 
 
 
 
Figure 4.27: Cumulative frequency for spatial distribution patterns: 1) Blue line 
for clustered pattern; 2) Green line for random pattern; 3) Red line for regular 
pattern 
 
G
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In term of mathematics, Baddeley (2008) showed that for the Poisson process, the 
nearest-neighbor distance distribution function is: 
)exp(1)( 2rrGpois   (4.38) 
Where:   = intensity and r is the distance. 
 
G-test was applied and if the G(r) is greater than )(rG pois , so the nearest-neighbor 
distances are shorter than for the Poisson process. Therefore, the distribution has a 
clustering pattern. In contrast, if G(r) is smaller than )(rG pois , the distribution is 
regular. Some commands were implemented to generate the K-test graphs. 
 
Commands for one-point patter (X1): 
plot(Gest(X1, legend = FALSE, ylim = c(0, 2), xlim = c(0.5, 3))) 
 
Commands for a hyperframe (H): 
plot(H, quote(plot(Gest(PPP), legend = FALSE, main="")), main=paste("Gest 
graphs"), marsize=1) 
 
With this test, there were four different estimates calculated in the package. There 
were isotropic-corrected, translation-corrected, border-corrected and theoretical 
Poisson estimates (Baddeley et al., 2015). 
 
+ The pair correlation function 
The pair correlation function will calculate all distances between any two points. It 
will use the random pattern as a reference. After that, the relation between an observed 
frequency and frequency of random distribution will be generated. It is a ratio 
(Wagner, 2016) that for the clustered pattern tends to decreasing, because it has greater 
short distance frequencies. Additionally, as the distance increases, its frequency will be 
very close to the frequency of the random distribution. Estimates of the pair correlation 
function can reach to infinity, when the pattern is highly clustering (Wagner, 2016). 
The reason is that the frequency of the random distribution reaches 0 and the 
frequency of the observed pattern reaches a certain number. As a result, estimates of 
the function are similar to the blue curve in the following figure. In contrast, the 
regular pattern will indicate an increasing trend. It is like the red curve in the next 
figure. The random pattern will take the value “1” as a reference. It is the straight 
green line. And because of above explanations, estimates of this function are always 
positive (Wagner, 2016). 
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Figure 4.28: Estimates of the pair correlation function for patterns 
 
Illian et al. (2008) illustrated that the pair correlation function g(r) is the best way to 
describe observed point patterns. It will provide the most information. It is kind of a 
second-order statistics which are based on the spatial relations of pairs of objects 
(Wiegand and Moloney, 2014). The pair correlation is the probability of obtaining a 
pair of points separated by r distance divided by the probability for a Poisson process, 
meaning a ratio. It is always positive (Baddeley, 2008). Illian et al. (2008) also 
indicated that the pair correlation function is proportional to the derivative of K(r) with 
respect to r. In the 2-dimensional case, it is: 
0
2
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r
rK
rg
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 (4.39) 
When r reaches infinity, then the limit of g(r) will be equal to 1, so in the Poisson 
process case, g(r) is 1. The distribution will be clustering if g(r) is greater than or equal 
to 1. On the contrary, the distribution has regular pattern, if g(r) is smaller than or 
equal to 1 (Illian et al., 2008). 
 
To carry out the pair correlation function in the spatstat package, the following 
commands were applied. The “pcf” is the function in the package for the pair 
correlation analysis. 
Commands for one-point pattern (X1): 
plot(pcf(X1, correction=c("Ripley")), legend = FALSE, 
     ylim = c(0, 2), xlim = c(0.5, 3)) 
 
Commands for a hyperframe (H): 
plot(H, quote(plot(pcf(PPP, correction=c("Ripley")), legend = FALSE, 
                   ylim = c(0, 2), xlim = c(0.5, 3)))) 
 
+ The mark correlation function 
0 
pcf(r) 
1 
Clustered pattern 
Random pattern 
Regular pattern 
r 
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The mark correlation function (kmm(r)) of a marked point process is a tool to measure 
the dependence between the marks of two points of the process a distance r apart 
(Baddeley et al., 2015). It includes summary statistics used for quantitatively marked 
patterns when the mark is quantitative (Wiegand and Moloney, 2014). 
 
The mark correlation function is a valuable tool to analyze marked point patterns. It 
can detect the correlation among marks, and researchers can make conclusions based 
on kmc(r) estimates. If the marks are independent, so kmc(r) is equal to 1, that means 
“lack correlation” between the marks. In other words, there is no dependence between 
the marks of neighboring objects (Baddeley et al., 2015). The marks are inhibiting if 
kmc(r) is less than 1, whereas they indicate mutual stimulation when kmc(r) is greater 
than 1 (Figure 4.29), meaning the points benefit from being together (Illian et al., 
2008). In other words, a mark correlation value smaller than “1” means that points 
which are away from each other by distance r have different marks whereas a mark 
correlation value larger than “1” means that the marks are more similar than expected 
by chance. 
 
 
 
 
 
 
 
 
 
 
Figure 4.29: Mark classification based on mark correlation function results 
 
Markcorr is the function in spatstat package used for running the mark correlation 
function (Baddeley, 2008). The mark was tree diameter (DBH). The following 
commands were called in R to run markcorr. 
 
Commands for one-point pattern (X1): 
plot(markcorr(X1, correction=c("Ripley")), main='', legend = FALSE, 
                   ylim = c(0, 2), xlim = c(0.5, 3)) 
 
Commands for a hyperframe (H): 
plot(H, quote(plot(markcorr(PPP, correction=c("Ripley")), main='', legend = 
FALSE, ylim = c(0, 2), xlim = c(0.5, 3)))) 
 
kmc(r) 
1 
Inhibition 
Independence 
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d. Comparing point pattern variation 
Envelope was implemented to understand the variation. The intention of generating 
envelopes is to compare empirical estimates and simulative estimates in the same 
window. A model, e.g. a complete spatially random point pattern, is simulated k times 
and a statistic is computed for any of these simulations. The statistics of these 
simulations lead to an estimate of S(r), where Smin(r) and Smax(r) are the most extreme 
values of the statistics of the simulation runs. As these extreme values can be 
determined for any distance r, an environment of extremes, i.e. the “envelope” is 
generated. After that, estimates of S(r) and extreme values are plotted (Illian et al., 
2008). In other words, envelope will generate acceptance intervals, based on 
simulations of the model, in order to make conclusions about observed point patterns, 
compared to the complete spatial random distribution (Baddeley et al., 2015). 
Acceptance area is often presented in a gray area in R graphs, like the following chart. 
The plot shows the acceptance interval for the pair correlation function, and it is clear 
that the observed point pattern is not random. 
 
Figure 4.30: Envelope for the pair correlation function 
 
In this study, real and not simulated point patterns were taken to apply the envelope 
technique. Therefore, an acceptance interval was generated based on 10 real point 
patterns, i.e. the forest plots. For any of the plots, a second order statistic was 
computed, e.g. the pair correlation function and the mark correlation function, and at 
each distance r, the maximum value and minimum value of the second order statistic 
graphs among 10 observed point patterns of each forest type was used to make 
boundaries of the envelope area. Therefore, the envelope function created a gray area. 
That area presented the variability of the second order statistic of the point patterns in 
each forest type. In addition, it can also be used to test and conclude a new observed 
point distribution belonging to the forest group or not. 
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+ For the pair correlation 
The “envelope” function was used in the package in order to know the variation in 
term of the pair correlation. To do that, the following commands were run. 
 
window <- owin(c(0,50), c(0,10)) 
X <- ppp(25, 5, window = window, marks = NULL, check=TRUE) 
 
After that, a list of point patterns in the dataset was generated by using the following 
command. 
 
SList <- list(X1, X2, X3, X4, X5, X6, X7, X8, X9, X10) 
 
Finally, the envelope function was used in the package to generate an acceptance 
interval which shows a range of variation. The commands below are examples for 
Type IIb. Similar commands were conducted for Type IV. 
 
E <- envelope(X, pcf, nsim=10, simulate=SList) 
plot(E, main = "Envelope graph for Type IIb", xlim = c(0.3, 3.0), ylim = 
c(0.0, 3), 
     legend = FALSE, lwd=2, col="Red") 
 
+ For the Markcorr 
The following commands were applied. 
 
window <- owin(c(0,50), c(0,10)) 
X = ppp(x = c(25, 26), y = c(4.5, 5.0), window = window, marks = c(1,1), 
check=TRUE) 
 
And then a list of point patterns in the dataset was generated. Here is an example for 
Type IIb. 
 
SList <- list(X1, X2, X3, X4, X5, X6, X7, X8, X9, X10) 
 
The final step was to run envelope in order to depict the variation of the mark 
correlation function. For instance: 
 
E <- envelope(X, markcorr, nsim=10, simulate=SList) 
plot(E, main = "Envelope graph for Type IIb", xlim = c(0.3, 3.0), ylim = 
c(0.0, 3), 
     legend = FALSE, lwd=2, col="Red") 
 
e. Testing the difference between forest types 
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One important question still exists, that is whether point patterns are significantly 
different between the two forest types. A permutation test was used by using the Hahn 
formula (Baddeley et al., 2015). In this study, there are 2 groups (forest type IIb and 
forest type IV). Each group contains 10 patterns: m1, m2,…,m10. The patterns in type 
IIb are x11, x12,…,x1m and so on. The test will compare group means of estimate )(ˆ rPij  
of the pcf-function of pattern xij on an interval [r0, r1] for r, by using the following 
formula (Baddeley et al., 2015): 
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is the estimated within-type variances of the estimates for a given distance r. 
If the p-value of T is less than or equal to 0.05, the difference is significant and vice 
versa. 
 
The following commands were called in R to run the test and summarize the 
information. 
 
testpatterns = studpermu.test(H, summaryfunction = pcf, PPP ~ Type) 
testpatterns 
 
4.3.1.8. Overstorey tree species diversity analysis 
a. Richness and species importance value index (SIVI) 
- Simple species richness 
The number of species in each plot was counted. That is the richness of the plot (Kindt 
and Coe, 2005). BiodiversityR package was used to compute the richness (Kindt, 
2016). 
 
Richness <- diversityresult(data, index='richness' , 
                               method='separate per site', sortit=FALSE, 
digits=3) 
Richness 
  
Methodology 
86 
- Species Importance Value Index (SIVI) 
In each forest type, Cottam and Curtis’ measure was used to describe and compare 
species dominance and importance (Cottam and Curtis, 1956; Bormann, 2005). SIVI 
for one species is a sum of relative density and relative dominance. In this study, 
relative frequency was also added to SIVI to understand species distribution across the 
forest types (DFG, 2005). 
 
100
eforest typ each in plots all ofnumber  Total
occures species that plots ofNumber 
 frequency  Relative   (4.43) 
 
100
eforest typ each of plots all in species all ofarea  basal Total
species  theofarea  basal Total
  dominance Relative   (4.44) 
 
100
 eforest typ each in  sindividual all ofnumber  Total
species  theof sindividual ofNumber 
 density  Relative   (4.45) 
 
Therefore, SIVI was calculated by using following formula (Razavi et al., 2012). 
 
SIVI = Relative density + Relative dominance + Relative frequency (4.46) 
To calculate SIVI, the following commands were run (Kindt, 2016): 
 
importancevalue(SIVI, site='Plots', species='Species', count='Count',  
                basal='Basal', factor='Type', level='Type IIb') 
 
b. Species diversity index 
- Simpson’s index 
This is a diversity measure. Simpson’s index illustrates the probability that two 
randomly chosen individuals will be the identical species (McCune et al., 2002). 
Simpson’s index was calculated as (Magurran, 2004): 
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Where, m = the number of species in a plot. 
  ni = the number of individuals of species i. 
  n = total number of all individuals in the plot.
 
With the above formula, if D increases, the diversity will also rise. 
To compute this index, these commands were used (Kindt, 2016): 
 
Simpson <- diversityresult(data, index='Simpson' , 
                               method='separate per site', sortit=FALSE, 
digits=4) 
Simpson 
Methodology 
87 
- Shannon – Wiener index 
This is a common index of diversity. The unit of following formula is the log of the 
number of species of equal abundance (McCune et al., 2002). The minimum Shannon-
Wiener value is zero, when only one species exists in the plot. The increase of H will 
increase the level of diversity in the region. With regard to logarithms, base e or base 
10 makes no difference (McCune et al., 2002). The following formula was used. 


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m
i
ii ppH
1
)ln(  (4.48) 
Where,  H = Shannon – Wiener index 
  m = the number of species in the plot 
  pi = the proportion of species i, pi=ni/n   
ni = the number of individuals of species i. 
  n = total number of all individuals in the plot. 
 
Shannon <- diversityresult(data, index='Shannon' , 
                               method='separate per site', sortit=FALSE, 
digits=3) 
Shannon 
 
The above lines were run in R to calculate the Shannon – Wiener index (Kindt, 2016). 
 
- Shannon evenness 
Shannon evenness was also implemented in this study. Evenness will measure the 
equality of abundances in the community. The maximum evenness is 1 when all 
species are equally abundant and in other cases, evenness will be less than 1 (Alatalo, 
1981). The most often used and easy-to-use formula is as follows (Alatalo, 1981 and 
McCune, et al., 2002). 
)ln(S
H
J   (4.49) 
In which,  H = the Shannon-Wiener diversity measure. 
  S = the species richness. That is the number of species in the plot. 
Following lines were written in R to gain Shannon evenness (Kindt, 2016). 
 
Jevenness <- diversityresult(data, index='Jevenness' , 
                               method='separate per site', sortit=FALSE, 
digits=3) 
Jevenness 
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c. Species accumulation curve 
To check and show the species richness for a combination of plots, species 
accumulation curves for each forest type were generated. The curve indicates an 
average pooled species richness when all plots are combined (Kindt and Coe, 2005). 
The x-axis was the number of plots combined, while the y-axis was the number of 
species. The species accumulation curve is a kind of cumulative frequency 
distribution. Therefore, it always has an increasing trend. The slope of the graph 
represents an increasing speed of new species, and a steeper segment means a greater 
number of new species added. 
 
To generate these curves, BiodiversityR was used and the following commands were 
conducted. 
 
# Draw a curve for Type IIb 
Accum <- accumresult(TypeIIb, y=TypeIIb) 
accumplot(Accum, addit=FALSE, ci=2, ci.type='bar', col='1', cex=2,  
          xlab='sites', ylab='species richness', pch=1, labels='', ylim = 
c(0, 150), xlim = c(0, 10)) 
 
# Draw a curve for Type IV 
Accum <- accumresult(TypeIV, y=TypeIV) 
accumplot(Accum, addit=FALSE, ci=2, ci.type='bar', col='1', cex=2,  
          xlab='sites', ylab='species richness', pch=1, labels='', ylim = 
c(0, 150), xlim = c(0, 10)) 
 
d. Biodiversity index comparison 
After calculating biodiversity indices, they were compared by using linear mixed 
models. Applied commands are analogous to Section 4.3.1.3. However, in this case, 
richness, Simpson, Shannon and Evenness indices were tested. Therefore, the dataset 
structure was as follows (Table 4.12): 
 
Table 4.12: Variable arrangement for index comparison using LMM 
Type Section Plot Richness Simpson Shannon Evenness X Y 
Type IIb … … … … … … … … 
… … … … … … … … … 
Type IIb … … … … … … … … 
Type IV … … … … … … … … 
… … … … … … … … … 
Type IV … … … … … … … … 
 
 
 
e. Tree species diversity comparison
Permutational multivariate analysis of 
the species diversity difference among two forest types
frequency distributions and not on ind
group differences on many different independent variables (Finch and French, 2013). 
Additionally, it is based on non
assumptions (Mier, 2012; Hamann, 2016). Therefore, it is well
species diversity differences between groups with integers.
 
PERMANOVA uses distance matrices for partitioning 
pseudo-F test statistic, the 
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In which: 
SST = sum of squared distances divided by N (total number of observations).
SS = sum of squared distances within groups divided by n (total number of 
observations per group). 
a = the number of groups.
This is more visual in the following figure.
Figure 4.31: A diagram for the computation of (a) a distance matrix from a raw 
data matrix and (b) a non
 
 
variance (PERMANOVA) 
 based on true species 
ices. PERMANOVA is suitable for assessing 
-parametric methods, so it does not require distribution 
 
sum of square. 
following formula is applied (Anderson, 2011; Mier, 2012).
  
 
 
-parametric MANOVA statistic (Anderson, 2011)
Methodology 
89 
was used to analyze 
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To calculate 
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There were some applied steps to do PERMANOVA in vegan package.  
- Generating a dataset like in Table 4.13 
 
Table 4.13: Data structure for PERMANOVA calculation 
Type Sp1 Sp2 Sp3 … … … … Spi 
Type IIb … … … … … … … … 
… … … … … … … … … 
… … … … … … … … … 
Type IV … … … … … … … … 
… … … … … … … … … 
… … … … … … … … … 
 
In this table, Sp1, Sp2,…, Spi were species names. They were independent variables. 
Rows were species frequencies of 20 plots. 
 
- Gaining Type variable from another dataset, for example from Table 4.5. 
Type was a factor. There were two groups: Type IIb and Type IV to check the 
differences. 
 
- Finally, run a command to do PERMANOVA single factor in order to compare 
species diversity among forest types. 
 
adonis(data ~ Type, Typedata) # Without random effect checking. 
adonis(data ~ Type, Typedata, strata = Typedata$Section) # With random 
effect checking.  
 
 
In the command, the strata element was added to check the random effects of the 
Section variable on the data (Oksanen et al., 2016). 
 
4.3.2. Regenerating tree storey structure analysis 
4.3.2.1. Frequency distribution of regeneration 
The analysis is relatively similar to Section 4.3.1.3. However, due to different input 
data structure, the applied commands were not the same. The following commands 
were implemented for one plot. 
 
data1=subset(data, Plot == 1) 
plot(data1$Hclasscode, data1$F, type="b", lwd=2, col="black", 
     pch=21, cex = 1, 
     main='', xlab="Height classes (m)", ylab="Number of trees", 
     xaxt="n", 
     xlim=c(0,7), ylim=c(0,150)) 
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axis(side=1, at=c(1:6), labels=c("0-1", "1-2", "2-3", "3-4", "4-5", "5-6")) 
 
4.3.2.2. Height frequency distribution difference testing 
Permutational multivariate analysis of variance (PERMANOVA) was also applied 
here to test the difference of the height frequency distribution between two types. 
Details are very similar to Section 4.3.1.4.b, but instead using DBH classes by height 
classes. 
 
4.3.2.3. Biodiversity indices for regeneration 
Analysis contents and used methods in this part are same as Section 4.3.1.8.b 
 
4.3.2.4. Biodiversity index comparison by using LMM 
Applied methods in this section are close to Section 4.3.1.8.d. 
 
4.3.2.5. Regeneration species diversity comparison 
In this part PERMANOVA is used again. In Section 4.3.1.8.e these methods are 
presented in detail.  
 
4.3.2.6. Regeneration spatial distribution checking 
a. Nonrandomness index 
In this case, the nature of the regenerating tree distribution on the ground can be 
determined from the tree count data obtained on fixed-area plots (Stein, 1992). A 
nonrandomness index was calculated by the formula (Payandeh, 1970): 
 
P=V/M (4.52) 
Where,  P = nonrandomness index by quadrat method. 
  V = the variance of number of regenerating trees/quadrat. 
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Where, Xi = the number of regenerating trees in given quadrats. 
n = the number of quadrats. 
  M = the mean number of regenerating trees/quadrat. 
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 (4.54) 
Conclusion: 
 If P is 1, the regenerating tree distributes randomly. 
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 If P is less than 1, the distribution is regular and if P is greater than 1, it will be 
clustering (Stein, 1992). 
 
b. Nonrandomness index value comparison 
After gaining all the index values, the Mann-Whitney test was used. This test is 
nonparametric, so no assumptions are needed. There are some steps to conduct the test 
as follows (Zar, 1999; Tuat and Hinh, 2009). 
 
- Hypothesis:  H0: Two samples are not significantly different. 
   H1: Two samples are significantly different. 
- Sorting all data of two samples together in descending order.  
- Ranking all data values for both samples together. 
- Calculating the total of ranks for each sample (Rx and Ry) and checking ranking by 
using following formula. 
2
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Where: nx, ny are size of samples and n=nx+ny 
- Computing Ux: 
x
xx
yxx R
nn
nnU 


2
)1(
.  (4.56) 
- Calculating U and making a conclusion. 
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Conclusion: 
If /U/>1.96 (Sig-value < 0.05), reject H0 and if /U/1.96 (Sig-value ≥ 
0.05), H0 is accepted. 
The following commands were called in R to run the test and gain results. 
 
type=as.factor(Indexcomparison$Type) 
wilcox.test(Index~type, data=Indexcomparison) 
 
The next chapter, Chapter V, will summarize the data analysis results for both forest 
types in order to understand the forest structure differences. 
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CHAPTER V: RESULTS 
 
5.1. Overstorey structure analysis results 
5.1.1. Stand information 
Data collected in the field, especially diameter and total height, were used to calculate 
the number of trees, basal area and volume for each plot and per hectare. The results 
are shown in the following table. 
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Table 5.1: Stand information for plots 
 
Type Plot 
Number of 
trees/plot 
Number 
of trees/ha 
Basal area 
mean (m2) 
Volume 
mean (m3) 
Total basal 
area/plot (m2) 
Volume/plot 
(m3) 
Total basal 
area/ha (m2) 
Volume/ha 
(m3) 
Type 
IIb 
Type IIb plot 1 186 930 0.031 0.306 5.827 56.984 29.134 284.921 
Type IIb plot 2 203 1015 0.026 0.217 5.258 44.104 26.292 220.522 
Type IIb plot 3 188 940 0.021 0.155 4.020 29.079 20.102 145.394 
Type IIb plot 4 194 970 0.024 0.175 4.630 34.022 23.152 170.112 
Type IIb plot 5 210 1050 0.028 0.201 5.884 42.156 29.421 210.780 
Type IIb plot 6 225 1125 0.025 0.216 5.587 48.676 27.937 243.380 
Type IIb plot 7 209 1045 0.026 0.187 5.505 39.175 27.524 195.877 
Type IIb plot 8 209 1045 0.027 0.211 5.575 44.143 27.875 220.717 
Type IIb plot 9 195 975 0.026 0.209 5.152 40.739 25.761 203.695 
Type IIb plot 10 219 1095 0.025 0.195 5.409 42.666 27.047 213.328 
Average   204 1019 0.026 0.207 5.285 42.175 26.425 210.873 
Type 
IV 
Type IV plot 1 121 605 0.066 0.733 7.979 88.634 39.894 443.172 
Type IV plot 2 103 515 0.047 0.553 4.872 56.989 24.359 284.946 
Type IV plot 3 107 535 0.087 0.985 9.288 105.367 46.440 526.833 
Type IV plot 4 114 570 0.063 0.697 7.222 79.484 36.112 397.419 
Type IV plot 5 99 495 0.065 0.660 6.483 65.363 32.417 326.817 
Type IV plot 6 119 595 0.053 0.549 6.286 65.371 31.429 326.857 
Type IV plot 7 109 545 0.070 0.725 7.576 78.996 37.882 394.982 
Type IV plot 8 123 615 0.061 0.699 7.500 86.000 37.498 429.998 
Type IV plot 9 98 490 0.059 0.660 5.765 64.690 28.823 323.451 
Type IV plot 10 101 505 0.067 0.776 6.791 78.328 33.955 391.642 
Average   109 547 0.064 0.704 6.976 76.922 34.881 384.612 
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Table 5.1 shows that the tree density of Type IIb is greater than that of Type IV. The 
former density ranges from 930 to 1095 trees per hectare, while that of the latter is 
between 490 and 615 trees per hectare. In contrast, the total basal area and total 
volume of Type IIb are much lower than those of Type IV. The average total basal 
area and volume of Type IIb are 26.425 m2/ha and 210.873 m3/ha, respectively. The 
average total basal area and volume of old forests are larger by 8.456 m2/ha and 
173.739 m3/ha, compared to young forests. 
 
5.1.2. Descriptive statistics results 
The DBH data was used to compute descriptive statistics. The results are indicated in 
Table 5.2. 
Table 5.2: Descriptive statistics for diameter variable 
Type n Mean Sd Median Min Max Range Skew Kurtosis Se 
IIb 186 16.12 11.82 12 6 60.15 54.15 1.81 2.66 0.87 
IIb 203 15.5 9.49 12.45 6.05 50.9 44.85 1.57 2.21 0.67 
IIb 188 14.34 8.18 12.6 6.05 63.3 57.25 1.96 6.97 0.6 
IIb 194 14.65 9.47 11.45 6.05 51.5 45.45 1.41 1.62 0.68 
IIb 210 16.4 9.39 14.1 6.05 56.6 50.55 1.65 3.36 0.65 
IIb 225 15.42 8.88 12.75 6.1 46.95 40.85 1.36 1.31 0.59 
IIb 209 16.45 8.07 14.8 6.15 49.95 43.8 1.24 1.63 0.56 
IIb 209 15.9 9.34 12.65 6.05 48.1 42.05 1.3 1.26 0.65 
IIb 195 16 8.99 13.6 6 53.1 47.1 1.46 2.17 0.64 
IIb 219 15.2 9.15 12.85 6.05 61.6 55.55 1.82 4.27 0.62 
Average 204 15.60 9.28 12.93 6.06 54.22 48.16 1.56 2.75 0.65 
IV 121 20.1 20.96 14.3 6.25 112.45 106.2 2.97 8.47 1.91 
IV 103 20.02 14.26 15.35 6.35 77.3 70.95 2.06 4.13 1.4 
IV 107 23.04 24.08 13.55 6.2 146.35 140.15 2.6 7.71 2.33 
IV 114 21.48 18.67 14.68 6.55 117 110.45 2.51 6.94 1.75 
IV 99 21.88 18.94 13.5 6.45 94.95 88.5 1.87 3.19 1.9 
IV 119 19.94 16.65 13.95 6.1 100.15 94.05 2.18 5.9 1.53 
IV 109 21.8 20.34 12.3 6.2 118.45 112.25 2.17 5.69 1.95 
IV 123 20.13 19.35 12.95 6 119.65 113.65 2.51 7.26 1.74 
IV 98 21.9 16.49 15.65 6.6 89.05 82.45 2.03 4.13 1.67 
IV 101 22.78 18.46 15.2 6.2 98.75 92.55 1.78 3.64 1.84 
Average 109 21.31 18.82 14.14 6.29 107.41 101.12 2.27 5.71 1.80 
 
Ten statistics were calculated. They are the number of trees per plot (n), average 
diameter (Mean), standard deviation (Sd), median, minimum value (Min), maximum 
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value (Max), Range, skewness of distribution (Skew), kurtosis of the distribution 
(Kurtosis) and standard error (Se). The average diameter of trees in Type IIb forests is 
smaller than those of Type IV by 5.71 cm. In addition, the variation of data, in terms 
of tree size, is much less in young forest plots than in old forest plots because the 
average standard deviation of Type IIb is 9.28 cm, while that of Type IV is 18.82 cm. 
This is also proven by results of Range and Standard error. The Range and Standard 
error of old forests are more than twice those of young forests.  
 
The total height data was also used to compute descriptive statistics. These statistics 
are used to describe the dataset. 
 
Table 5.3: Descriptive statistics for total height variable 
Type n Mean Sd Median Min Max Range Skew Kurtosis Se 
IIb 186 12.82 6.23 11.25 5 34.6 29.6 1.47 2.01 0.46 
IIb 203 13.1 4.88 12.3 4.8 29.5 24.7 0.93 0.64 0.34 
IIb 188 11.67 3.87 11.15 5.2 28 22.8 1.07 2.01 0.28 
IIb 194 11.94 3.89 11.2 6 26.1 20.1 0.99 0.91 0.28 
IIb 210 12.4 3.54 11.75 6.5 25.1 18.6 0.95 0.74 0.24 
IIb 225 14.14 4.96 12.5 7.1 28.5 21.4 1.1 0.36 0.33 
IIb 209 13.14 3.37 12.7 6.2 23.5 17.3 0.34 -0.36 0.23 
IIb 209 12.81 4.64 12 4.9 31.3 26.4 1.18 1.61 0.32 
IIb 195 12.78 4.65 11.9 4.6 32.3 27.7 0.94 1.2 0.33 
IIb 219 12.54 4.38 12.3 5.2 34.8 29.6 1.34 3.13 0.3 
Average 204 12.73 4.44 11.91 5.55 29.37 23.82 1.03 1.23 0.31 
IV 121 13.81 6.15 12.3 5.7 33.3 27.6 1.37 1.4 0.56 
IV 103 17.49 7.11 16.3 6.4 37.2 30.8 0.53 -0.32 0.7 
IV 107 14.73 6.09 12.7 6.7 33.8 27.1 1.23 0.82 0.59 
IV 114 16.69 5.86 15.75 7.8 31.3 23.5 0.59 -0.55 0.55 
IV 99 16.88 4.98 17 6.7 29.1 22.4 0 -0.69 0.5 
IV 119 18.18 4.55 18.3 7 29.1 22.1 -0.25 -0.55 0.42 
IV 109 17.24 4.26 17 6.6 30.6 24 0.41 -0.02 0.41 
IV 123 15.94 6.37 14.4 5.8 39.7 33.9 0.92 0.61 0.57 
IV 98 17.99 5.93 17.8 8 37 29 0.67 0.38 0.6 
IV 101 17.1 7.27 15.6 6.4 34.8 28.4 0.54 -0.73 0.72 
Average 109 16.61 5.86 15.72 6.71 33.59 26.88 0.60 0.04 0.56 
 
Similarly, 10 statistics were computed. There is the same trend in the results as in the 
diameter result. The average height of trees in Type IIb is smaller than in Type IV. In 
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general, range, standard deviation and standard error are smaller in Type IIb, so the 
variation of the height dataset is also lower in young forests. Interestingly, there is a 
negative value for skewness of Type IV. In addition, for old stands, there are 6 
negative results for kurtosis, whereas only one young stand, plot 7, has a negative 
result.  
 
5.1.3. Linear mixed effect model results 
Linear mixed effect model analysis was applied to check the diameter and height 
difference among two forest types. Not only fixed effects, but also random effects are 
checked. 
5.1.3.1. Box plots for the diameter and height variables 
Linear mixed effect models were built for analysis. Starting models for the diameter 
and height variables are very similar. Type is fixed factor and Section is random 
factor. Box charts for both variables were generated and the results are as follows. 
 
a. For diameter variable 
 
b. For height variable 
Figure 5.1: Boxplots for variables 
 
Figure 5.1 indicates that both the diameter and height of Type IIb are smaller than 
Type IV. In addition, the variation for both variables in young forests is smaller.  
 
5.1.3.2. Model analysis and adaptation 
a. Homoscedasticity checking 
Homogeneity of variances was checked.  
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a. For diameter before adapting 
 
b. For diameter after adapting 
 
c. For height before adapting 
 
d. For height after adapting 
Figure 5.2: Homoscedasticity adaptation 
 
Figure 5.2 shows results of improvements in term of homoscedasticity by using the 
varExp function. The varExp function was applied for model1. These charts indicate 
that the improvement is not clear for the diameter, whereas variance homogeneity is 
substantially improved for the height variable. This again is proven by the results of 
anova so as to select a better model. For the diameter, the p-value is greater than 0.05, 
while for the height it is 0.0293. Therefore, the model is still selected for the diameter, 
while model1 is chosen for the height. 
 
For diameter: 
        Model df     AIC      BIC    logLik   Test  L.Ratio p-value 
model1a     1  4 61.5374 65.52033 -26.76870                         
model1b     2  5 61.1045 66.08317 -25.55225 1 vs 2 2.432896  0.1188 
 
For height: 
        Model df      AIC      BIC    logLik   Test  L.Ratio p-value 
model1a     1  4 64.76783 68.75075 -28.38391                         
model1b     2  5 62.01646 66.99512 -26.00823 1 vs 2 4.751369  0.0293 
 
b. Autocorrelation checking 
After that, better models were used for autocorrelation checking. For both variables, 
“Model2” is improved by using the corExp function. It is presented in the following 
figure. 
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a. For diameter before adapting 
 
b. For diameter after adapting 
 
c. For height before adapting 
 
d. For height after adapting 
Figure 5.3: Spatial autocorrelation improvement 
 
Based on these graphs, the influence of autocorrelation is not obvious. Additionally, 
the adaptation for autocorrelation is not considerable. The following anova comparison 
results also prove this. For both variables, the p-values are larger than 0.05. As a result, 
model and model1 are still selected for the diameter and the height, respectively. 
 
For diameter: 
        Model df     AIC      BIC   logLik   Test     L.Ratio p-value 
model2a     1  4 61.5374 65.52033 -26.7687                            
model2b     2  5 63.5374 68.51606 -26.7687 1 vs 2 5.59325e-10       1 
 
For height: 
        Model df      AIC      BIC    logLik   Test      L.Ratio p-value 
model2a     1  5 62.01646 66.99512 -26.00823                             
model2b     2  6 64.01645 69.99084 -26.00822 1 vs 2 5.730029e-06  0.9981 
 
c. Normality checking 
Normality of residual distribution is one assumption of LMM as mentioned in the 
previous chapter. It was also checked by using qqplot and the Shapiro-Wilk test. 
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a. For diameter 
 
b. For height 
Figure 5.4: QQplot for normal distribution checking 
 
The normal distribution assumption is satisfied (Figure 5.4). This is more obvious and 
convincing by the Shapiro-Wilk test results as follows, because the p-value for both is 
larger than 0.05. 
 
For diameter: 
 Shapiro-Wilk normality test 
data:  data$residual 
W = 0.9277, p-value = 0.1395 
 
For height: 
 Shapiro-Wilk normality test 
data:  data$residual 
W = 0.95486, p-value = 0.4469 
 
5.1.3.3. Model parameter estimation 
Parameter estimation results of the best model for the diameter is as follows. 
Linear mixed-effects model fit by REML 
 Data: data  
       AIC      BIC    logLik 
  62.68532 66.24681 -27.34266 
 
Random effects: 
 Formula: ~1 | Section 
         (Intercept)  Residual 
StdDev: 2.546154e-05 0.9725602 
 
Fixed effects: DBH ~ Type  
               Value Std.Error DF  t-value p-value 
(Intercept) 15.59883 0.3075506 16 50.71956       0 
TypeType IV  5.70758 0.4349422 16 13.12262       0 
 Correlation:  
            (Intr) 
TypeType IV -0.707 
 
Standardized Within-Group Residuals: 
       Min         Q1        Med         Q3        Max  
-1.4050646 -1.0323011  0.2434091  0.5955569  1.7798280  
 
Number of Observations: 20 
Number of Groups: 3  
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The results show that the random effect is not important as the standard deviation of 
the intercept is very small. The average diameter for Type IIb is 15.599 cm, while that 
of Type IV is greater by 5.708 cm. The diameter is significantly different between the 
two forest types. 
 
The following paragraph shows results for the best model of the height variable. The 
default method is REML. 
 
Linear mixed-effects model fit by REML 
 Data: data  
       AIC      BIC    logLik 
  62.38389 66.83574 -26.19194 
 
Random effects: 
 Formula: ~1 | Section 
        (Intercept)   Residual 
StdDev:   0.5756702 0.03839788 
 
Variance function: 
 Structure: Exponential of variance covariate 
 Formula: ~fitted(.)  
 Parameter estimates: 
    expon  
0.2105977  
Fixed effects: H ~ Type  
                Value Std.Error DF  t-value p-value 
(Intercept) 12.872579 0.3844255 16 33.48524       0 
TypeType IV  3.725688 0.4322185 16  8.61992       0 
 Correlation:  
            (Intr) 
TypeType IV -0.203 
 
Standardized Within-Group Residuals: 
         Min           Q1          Med           Q3          Max  
-2.015756550 -0.488513591  0.002296996  0.762832795  1.350324473  
 
Number of Observations: 20 
Number of Groups: 3  
 
There are a few conclusions to be drawn from above results. The height difference 
between the two forest types is also significant. The average height of II forests is 
about 12.872 m. Old stands have a higher average height by 3.726 m. Interestingly, the 
random effect is important. 
 
5.1.4. Frequency distributions 
5.1.4.1. Frequency distribution results for both types 
Frequency distributions were generated by using diameter and height data. The class 
width for diameter and height variables is 4 cm and 2 m, respectively. Diameter 
frequency distributions of both forest types are presented in the next figures.  
 
Based on the graphs in Figure 5.5 and 5.6, there is a clear decreasing trend in both 
types when the diameter increases, except for some plots of Type IV. It is more 
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obvious in the young stands. In young stands, most of the trees are less than 60 cm. In 
contrast, in the old forest, forest tree diameter can be up to 150 cm. 
 
 
 
Figure 5.5: Diameter frequency distribution graphs for secondary forests 
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Figure 5.6: Diameter frequency distribution graphs for old-growth forests 
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Frequency distribution results for the height variable are illustrated in following charts. 
There are both similarity and difference, compared to the diameter distribution. The 
similarity is that forest trees are usually lower in IIb forests, whereas forest tree height 
can be up to over 35 m in IV forests. However, the distribution is often right-skewed, 
particularly in Type IIb. In old stands, there is a left-skewed distribution. That is plot 
6. Height frequency distributions are shown in the following figures.  
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Figure 5.7: Height frequency distribution graphs for Type IIb 
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Figure 5.8: Height frequency distribution graphs for Type IV 
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5.1.4.2. Frequency distribution difference 
Permutational multivariate analysis of variance was used to understand the distinction 
between frequency distributions of the two types. The results for both the diameter and 
total height variables are presented as follows. 
 
For diameter: 
Call: 
adonis(formula = data ~ Type, data = Typedata, strata = Typedata$Section)  
 
Blocks:  strata  
Permutation: free 
Number of permutations: 999 
 
Terms added sequentially (first to last) 
 
          Df SumsOfSqs MeanSqs F.Model     R2 Pr(>F)     
Type       1   0.55059 0.55059  26.543 0.5959  0.001 *** 
Residuals 18   0.37338 0.02074         0.4041            
Total     19   0.92396                 1.0000            
--- 
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 
 
For total height: 
Call: 
adonis(formula = data ~ Type, data = Typedata, strata = Typedata$Section)  
 
Blocks:  strata  
Permutation: free 
Number of permutations: 999 
 
Terms added sequentially (first to last) 
 
          Df SumsOfSqs MeanSqs F.Model    R2 Pr(>F)    
Type       1   0.78477 0.78477  24.959 0.581  0.002 ** 
Residuals 18   0.56595 0.03144         0.419           
Total     19   1.35072                 1.000           
--- 
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 
 
Calculated F values are 26.543 and 24.959, respectively. Both p-values are less than 
0.05. When strata element is added to the command, for the diameter, nothing is 
different. However, for the height, there is a slight difference. The p-value is higher by 
0.001. 
 
5.1.5. Diameter-height regression results 
5.1.5.1. Estimated parameters 
Diameter at breast height (DBH) and total height of the trees were used to analyze the 
regression. DBH is the independent variable, while height is the response variable. 
Five different models were analyzed and estimated parameters for each model are 
presented in Table 5.4. 
  
Results 
108 
Table 5.4: Estimated parameters of models 
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T
yp
e 
II
b
 
P
lo
t 
1 a 4.995 16.63 <2e-16 a 1.624 14.85 <2e-16 a -11.694 -13.19 <2e-16 a 3.785 6.548 5.71E-10 a -2.297 -2.538 0.012 
b 0.486 32.29 <2e-16 b 0.720 34.78 <2e-16 b 9.490 28.36 <2e-16 b 0.625 10.591 <2e-16 b 1.299 11.498 <2e-16 
            c -0.003 -2.437 0.016 c 0.012 4.91 2.01E-06 
P
lo
t 
2 a 5.960 20.25 <2e-16 a 2.136 15.93 <2e-16 a -8.098 -10.62 <2e-16 a 4.090 7.364 4.55E-12 a -1.352 -1.733 0.0847 
b 0.461 28.42 <2e-16 b 0.637 30.87 <2e-16 b 8.187 28.37 <2e-16 b 0.685 11.532 <2e-16 b 1.022 9.735 <2e-16 
            c -0.005 -3.92 0.000122 c 0.020 7.359 4.71E-12 
P
lo
t 
3 a 5.568 22.13 <2e-16 a 2.029 16.83 <2e-16 a -5.372 -8.347 1.56E-14 a 4.436 11.664 <2e-16 a -2.254 -3.495 0.00059 
b 0.426 27.92 <2e-16 b 0.625 30.71 <2e-16 b 6.743 27.021 <2e-16 b 0.563 14.663 <2e-16 b 1.211 12.707 <2e-16 
            c -0.003 -3.864 0.000154 c 0.020 7.045 3.53E-11 
P
lo
t 
4 a 6.653 26.83 <2e-16 a 2.705 17.42 <2e-16 a -3.079 -5.104 7.97E-07 a 5.658 12.67 <2e-16 a -1.910 -2.679 0.00804 
b 0.361 25.35 <2e-16 b 0.527 27.02 <2e-16 b 5.980 25.524 <2e-16 b 0.492 9.56 <2e-16 b 1.000 8.805 7.88E-16 
            c -0.003 -2.66 0.00847 c 0.030 8.879 4.92E-16 
P
lo
t 
5 a 7.237 26.7 <2e-16 a 2.831 16.11 <2e-16 a -3.167 -4.616 6.85E-06 a 5.512 11.726 <2e-16 a -1.904 -2.402 0.0172 
b 0.315 21.95 <2e-16 b 0.501 24.12 <2e-16 b 5.852 23.103 <2e-16 b 0.506 11.116 <2e-16 b 0.995 8.906 2.72E-16 
            c -0.004 -4.405 1.70E-05 c 0.033 10.045 <2e-16 
P
lo
t 
6 a 6.424 21.79 <2e-16 a 2.377 16.68 <2e-16 a -7.825 -9.766 <2e-16 a 4.977 8.297 1.04E-14 a -2.492 -3.71 0.00026 
b 0.501 30.2 <2e-16 b 0.629 31.51 <2e-16 b 8.465 27.954 <2e-16 b 0.680 10.127 <2e-16 b 1.093 11.552 <2e-16 
            c -0.004 -2.757 0.00632 c 0.016 5.954 1.01E-08 
P
lo
t 
7 a 7.424 25.220 <2e-16 a 2.973 15.91 <2e-16 a -3.737 -5.333 2.53E-07 a 4.526 8.36 9.33E-15 a -0.107 -0.123 0.902 
b 0.347 21.610 <2e-16 b 0.504 23.62 <2e-16 b 6.269 24.432 <2e-16 b 0.683 12.145 <2e-16 b 0.707 5.956 1.10E-08 
            c -0.008 -6.185 3.30E-09 c 0.038 10.588 <2e-16 
P
lo
t 
8 a 5.943 18.930 <2e-16 a 2.147 13.79 <2e-16 a -6.546 -7.933 1.32E-13 a 5.202 8.576 2.36E-15 a -2.732 -3.026 0.00279 
b 0.432 25.370 <2e-16 b 0.620 25.98 <2e-16 b 7.399 23.949 <2e-16 b 0.523 7.951 1.21E-13 b 1.222 9.595 <2e-16 
            c -0.002 -1.426 0.155 c 0.018 5.304 2.91E-07 
P
lo
t 
9 a 5.503 16.900 <2e-16 a 1.897 13.39 <2e-16 a -8.299 -9.478 <2e-16 a 4.324 6.988 4.46E-11 a -2.158 -2.173 0.031 
b 0.455 25.610 <2e-16 b 0.660 26.91 <2e-16 b 7.987 24.506 <2e-16 b 0.592 9.231 <2e-16 b 1.205 9.282 <2e-16 
            c -0.003 -2.232 0.0268 c 0.018 5.119 7.44E-07 
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P
lo
t 
1
0 a 6.217 21.800 <2e-16 a 2.253 15.63 <2e-16 a -6.213 -8.209 1.97E-14 a 4.939 10.106 <2e-16 a -2.234 -2.907 0.00403 
b 0.416 25.880 <2e-16 b 0.604 28.23 <2e-16 b 7.277 25.278 <2e-16 b 0.566 11.409 <2e-16 b 1.135 10.613 <2e-16 
            c -0.003 -3.185 0.00166 c 0.021 7.078 2.02E-11 
T
yp
e 
IV
 
P
lo
t 
1 a 9.114 19.340 <2e-16 a 3.095 12.05 <2e-16 a -9.662 -8.29 1.97E-13 a 3.651 5.457 2.71E-07 a 2.860 1.903 0.0595 
b 0.234 14.380 <2e-16 b 0.493 20.48 <2e-16 b 8.590 20.67 <2e-16 b 0.691 14.087 <2e-16 b 0.585 4.192 5.38E-05 
            c -0.004 -9.625 <2e-16 c 0.030 13.15 <2e-16 
P
lo
t 
2 a 9.584 12.890 <2e-16 a 3.290 8.38 3.24E-13 a -12.027 -5.878 5.38E-08 a 5.377 3.981 0.00013 a 0.451 0.262 0.79377 
b 0.395 13.030 <2e-16 b 0.548 15.15 <2e-16 b 10.467 14.706 <2e-16 b 0.765 7.258 8.61E-11 b 0.651 3.753 0.00029 
            c -0.005 -3.647 0.000423 c 0.022 6.503 3.14E-09 
P
lo
t 
3 a 9.804 22.390 <2e-16 a 3.554 13.65 <2e-16 a -5.811 -5.665 1.3E-07 a 7.166 13.866 <2e-16 a -2.238 -2.113 0.037 
b 0.214 16.240 <2e-16 b 0.453 21.95 <2e-16 b 7.325 20.712 <2e-16 b 0.418 13.645 <2e-16 b 0.991 8.229 5.81E-13 
            c -0.002 -7.127 1.39E-10 c 0.027 12.765 <2e-16 
P
lo
t 
4 a 11.543 21.210 <2e-16 a 4.463 12.09 <2e-16 a -6.675 -5.156 1.1E-06 a 7.217 9.729 <2e-16 a 2.957 2.326 0.0218 
b 0.240 12.510 <2e-16 b 0.425 17.11 <2e-16 b 8.237 18.471 <2e-16 b 0.585 11.771 <2e-16 b 0.328 2.639 0.0095 
            c -0.004 -7.326 4.05E-11 c 0.033 13.894 <2e-16 
P
lo
t 
5 a 12.715 23.940 <2e-16 a 6.076 12.67 <2e-16 a 0.225 0.194 0.847 a 9.551 12.633 <2e-16 a 2.773 2.953 0.00396 
b 0.190 10.350 <2e-16 b 0.326 13.47 <2e-16 b 5.921 14.757 <2e-16 b 0.468 8.58 1.66E-13 b 0.085 0.748 0.4563 
            c -0.003 -5.334 6.38E-07 c 0.044 16.382 <2e-16 
P
lo
t 
6 a 14.307 31.040 <2e-16 a 7.484 16.29 <2e-16 a 3.100 3.159 0.00202 a 11.573 19.195 <2e-16 a 0.712 1.336 0.18417 
b 0.194 10.930 <2e-16 b 0.290 14.75 <2e-16 b 5.506 15.829 <2e-16 b 0.439 10.188 <2e-16 b 0.215 2.801 0.00596 
            c -0.003 -6.095 1.47E-08 c 0.040 18.551 <2e-16 
P
lo
t 
7 a 13.694 36.020 <2e-16 a 7.270 17.98 <2e-16 a 3.843 4.385 2.72E-05 a 12.388 24.374 <2e-16 a -0.076 -0.124 0.90116 
b 0.163 12.730 <2e-16 b 0.275 15.92 <2e-16 b 4.829 15.816 <2e-16 b 0.274 8.347 2.85E-13 b 0.336 3.977 0.00013 
            c -0.001 -3.644 0.000418 c 0.040 19.266 <2e-16 
P
lo
t 
8 a 10.843 20.360 <2e-16 a 4.378 11.72 <2e-16 a -4.456 -3.529 0.00059 a 8.467 11.489 <2e-16 a 0.048 0.048 0.962 
b 0.253 13.240 <2e-16 b 0.428 16.74 <2e-16 b 7.527 16.686 <2e-16 b 0.461 9.061 2.94E-15 b 0.564 4.571 1.19E-05 
            c -0.002 -4.365 2.71E-05 c 0.031 11.389 <2e-16 
P
lo
t 
9 a 11.927 18.610 <2e-16 a 4.729 9.883 2.66E-16 a -4.810 -2.734 0.00744 a 8.174 7.72 1.17E-11 a -2.042 -1.715 0.0895 
b 0.277 11.810 <2e-16 b 0.426 13.91 <2e-16 b 7.903 13.236 <2e-16 b 0.583 7.783 8.60E-12 b 0.771 5.774 9.74E-08 
            c -0.004 -4.269 4.64E-05 c 0.025 8.718 9.07E-14 
P
lo
t 
1
0 a 9.668 14.890 <2e-16 a 3.453 10.03 <2e-16 a -9.345 -6.681 1.41E-09 a 5.226 6.9 5.17E-10 a 0.468 0.366 0.715 
b 0.326 14.700 <2e-16 b 0.510 17.76 <2e-16 b 9.230 19.456 <2e-16 b 0.699 13.928 <2e-16 b 0.659 4.722 7.78E-06 
            c -0.005 -7.925 3.67E-12 c 0.025 9.431 2.08E-15 
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5.1.5.2. Model selection 
R-squared and AIC are bases to select the best model for each forest type. The results 
of R2 and AIC are indicated in Table 5.5. 
 
Table 5.5: R-squared and AIC of models 
T
yp
e 
P
lo
t  
R-squared AIC 
M
od
el
 1
 
M
od
el
 2
 
M
od
el
 3
 
M
od
el
 4
 
M
od
el
 5
 
M
od
el
 1
 
M
od
el
 2
 
M
od
el
 3
 
M
od
el
 4
 
M
od
el
 5
 
T
y
p
e 
II
b
 
Plot 1 0.850 0.856 0.814 0.855 0.854 860.202 852.842 900.356 856.263 856.745 
Plot 2 0.801 0.817 0.800 0.815 0.817 897.447 880.519 898.053 884.421 882.345 
Plot 3 0.807 0.825 0.797 0.822 0.821 738.188 719.959 748.038 725.598 726.345 
Plot 4 0.770 0.785 0.772 0.778 0.78 797.619 784.889 795.517 792.561 790.990 
Plot 5 0.699 0.727 0.720 0.724 0.727 880.051 859.061 864.827 863.234 861.253 
Plot 6 0.804 0.809 0.778 0.810 0.809 997.964 992.149 1025.453 992.390 993.235 
Plot 7 0.693 0.732 0.743 0.741 0.744 859.002 830.736 822.153 825.408 822.877 
Plot 8 0.757 0.761 0.735 0.759 0.757 944.131 940.581 962.057 944.077 945.758 
Plot 9 0.773 0.781 0.757 0.778 0.779 869.124 861.758 882.220 866.129 865.883 
Plot 10 0.755 0.769 0.747 0.766 0.765 965.294 952.421 972.965 957.244 958.342 
Average 0.771 0.786 0.766 0.785 0.785 880.902 867.491 887.164 870.733 870.377 
T
yp
e 
IV
 
Plot 1 0.635 0.732 0.782 0.795 0.791 666.131 628.611 603.543 598.015 600.551 
Plot 2 0.627 0.668 0.682 0.671 0.68 599.670 587.721 583.380 588.806 585.829 
Plot 3 0.715 0.799 0.803 0.809 0.81 560.850 523.607 521.235 520.293 519.658 
Plot 4 0.583 0.698 0.753 0.719 0.771 632.071 595.353 572.423 589.108 565.877 
Plot 5 0.525 0.646 0.692 0.633 0.739 530.072 500.980 487.137 506.373 472.692 
Plot 6 0.505 0.646 0.682 0.625 0.708 619.659 579.825 567.133 588.603 559.014 
Plot 7 0.602 0.687 0.700 0.647 0.695 529.911 503.692 499.045 519.049 503.136 
Plot 8 0.592 0.674 0.697 0.648 0.693 699.251 671.674 662.505 683.123 666.228 
Plot 9 0.592 0.645 0.646 0.658 0.656 543.979 530.417 530.165 528.778 529.238 
Plot 10 0.686 0.767 0.793 0.808 0.802 575.475 545.213 533.445 527.457 530.573 
Average 0.606 0.696 0.723 0.701 0.735 595.707 566.709 556.001 564.960 553.280 
 
The results in the above table show that for Type IIb, the model with the smallest AIC 
and greatest R-squared is the model 2. Different from forest type IIb, model 5 has the 
smallest AIC and biggest R-squared for Type IV. 
 
5.1.5.3. Regression charts 
After analyzing the regression for models, expected height values and observed height 
values were used to draw charts. Regression charts are shown in the following figures. 
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Figure 5.9: Regression charts for Model 1 
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Figure 5.10: Regression charts for Model 2 
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Figure 5.11: Regression charts for Model 3 
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Figure 5.12: Regression charts for Model 4 
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Figure 5.13: Regression charts for Model 5 
  
T
yp
e 
II
b
 
T
yp
e 
IV
 
Results 
116 
5.1.6. Gap analysis 
5.1.6.1. Gap descriptive information 
Descriptive statistics were calculated based on the gap area data for plots. Table 5.6 
summarizes the results of these calculations. 
 
Ten statistics were calculated, such as the number of gaps (n), average gap size 
(Mean), standard deviation (Sd), Median and so on. These statistics show magnitude, 
variation and shape of the experimental distribution regarding the gap size. 
 
Table 5.6: Descriptive statistics results for the gap 
Type n Mean Sd Median Min Max Range Skew Kurtosis Se 
IIb 16 123.14 89.36 78.91 36.76 325.94 289.18 1.09 -0.08 22.34 
IIb 14 104.42 77.39 75.12 37.6 265.06 227.45 1.11 -0.51 20.68 
IIb 15 62.39 26.72 60.86 24.74 121.23 96.49 0.45 -0.68 6.9 
IIb 19 56.70 21.63 57.18 25.01 91.04 66.03 0.02 -1.37 4.96 
IIb 21 62.55 32.84 58.90 14.15 147.59 133.44 0.71 0.04 7.17 
IIb 20 59.74 26.12 60.19 20.00 112.39 92.39 0.37 -0.99 5.84 
IIb 22 57.94 34.02 51.03 21.11 154.82 133.71 1.13 0.84 7.25 
IIb 17 85.31 63.98 62.79 25.73 253.42 227.69 1.43 0.98 15.52 
IIb 18 75.73 39.74 67.31 24.93 164.75 139.82 0.79 -0.54 9.37 
IIb 19 68.54 34.16 63.9 26.06 143.38 117.32 0.78 -0.55 7.84 
Average 18 75.65 44.60 63.62 25.61 177.96 152.35 0.79 -0.29 10.79 
IV 13 177.73 196.49 76.03 47.36 645.64 598.28 1.27 0.03 54.5 
IV 13 161.87 143.59 94.37 31.64 482.39 450.75 0.94 -0.49 39.82 
IV 12 184.81 161.43 159.22 28.04 628.18 600.14 1.57 1.94 46.6 
IV 14 135.31 93.93 115.04 23.09 299.87 276.77 0.45 -1.27 25.1 
IV 15 120.17 70.78 98.96 34.56 248.5 213.94 0.48 -1.04 18.28 
IV 17 144.37 108.41 109.75 30.11 400.53 370.42 0.89 -0.46 26.29 
IV 17 128.57 97.13 108.03 30.02 382.98 352.96 1.23 0.65 23.56 
IV 13 111.79 111.24 56.94 26.21 362.92 336.71 1.34 0.27 30.85 
IV 16 127.14 87.87 100.92 28.18 332.89 304.71 0.72 -0.51 21.97 
IV 12 147.21 121.62 111.45 26.31 426.39 400.08 1.14 0.02 35.11 
Average 14 143.90 119.25 103.07 30.55 421.03 390.48 1.00 -0.09 32.21 
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5.1.6.2. Gap area ratio 
Finally, the area proportion of the gap across entire surveyed area was calculated. This 
is an important basis for understanding the forest dynamics. The results point out that 
the gap rate of the young and old forest is 0.133 and 0.202, respectively. 
 
5.1.6.3. Gap size frequency distribution 
To generate gap size frequency distributions, the gap area data is used again. The class 
width used is 25 m2. The obtained chart is displayed in the next figures. 
Figure 5.14: Gap size frequency distribution for young stands
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; gap size in m² 
Results 
119 
 
Figure 5.15: Gap size frequency distribution for old stands; gap size in m² 
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All plot data for each type was combined so as to make the frequency distribution. The 
following charts are more representative for each forest stage (Figure 5.16). 
 
a: Type IIb 
 
b: Type VI 
Figure 5.16: Gap size frequency distribution for each stage; gap size in m² 
 
5.1.6.4. Gap size frequency distribution difference testing results 
Gap size frequencies in different classes of the two forest types were tested by 
permutational multivariate analysis of variance. Results are below. 
 
Call: 
adonis(formula = data ~ Type, data = Typedata, strata = Typedata$Section)  
 
Blocks:  strata  
Permutation: free 
Number of permutations: 999 
 
Terms added sequentially (first to last) 
 
          Df SumsOfSqs MeanSqs F.Model      R2 Pr(>F)     
Type       1   0.49383 0.49383   5.039 0.21872  0.001 *** 
Residuals 18   1.76405 0.09800         0.78128            
Total     19   2.25788                 1.00000            
--- 
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 
 
When strata element is added to the command, there is a slight difference. The p-value 
is smaller by 0.001. 
 
5.1.7. Spatial distribution analysis 
5.1.7.1. Density testing results 
Coordinates of trees were used to analyze and understand spatial distribution on the 
ground of the plot. The received density graph with the diameter mark is shown in the 
following charts (Figure 5.17). These charts show that the density of trees is 
significantly higher in the young than in old stands which are shown in Table 5.1. 
Comparison results by using mppm command in R will better prove this, because the 
p-value is less than 0.05. This test was applied for replicated point patterns, but 
without the mark because spatstat does not provide this test for point patterns with the 
mark. 
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Comparison of stand density of two forest types by using mppm: 
--- Gory details: --- 
Combined data frame has 21494 rows 
 
Call: 
glm(formula = fmla, family = quasi(link = log, variance = mu),  
    data = moadf, weights = .mpl.W, subset = (.mpl.SUBSET ==  
        "TRUE"), control = glm.control(maxit = 50)) 
 
Deviance Residuals:  
    Min       1Q   Median       3Q      Max   
-0.3579  -0.3579  -0.2330  -0.2330   2.7255   
 
Coefficients: 
            Estimate Std. Error t value Pr(>|t|)     
(Intercept) -2.03103    0.05424 -37.442   <2e-16 *** 
TypeType IV -0.85854    0.09943  -8.635   <2e-16 *** 
--- 
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 
 
(Dispersion parameter for quasi family taken to be 1.930533) 
 
    Null deviance: 7126.4  on 21493  degrees of freedom 
Residual deviance: 6968.9  on 21492  degrees of freedom 
AIC: NA 
 
Number of Fisher Scoring iterations: 6 
 
 
Figure 5.17: Density graphs with the mark 
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5.1.7.2. Randomness checking results 
The next figures illustrate the results of G-function and pair correlation function to 
understand more about the spatial distribution of the tree. 
 
Figure 5.18: G-function graphs 
 
Figure 5.19: Pair correlation function results 
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The mark correlation function is also applied to distribution of trees with same mark 
values. The results of these analyses are indicated in following graphs.
Figure 
 
From Figure 5.18 to 5.20
young forest and the ten charts below 
 
5.1.7.3. Variation difference between two types
Point pattern datasets of each forest type 
charts. Envelope graphs were created for the pair correlation function (pcf in R) and 
mark correlation function (markcorr in R). 
For both functions, the gray area of the young forest
than the old forest. 
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5.20: Mark correlation function results
, the ten graphs in first two rows represent results of the 
represent the old forest. 
 
were listed and used to
The results are presented in Figure 
 is much smaller and narrower
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 generate variation 
5.21. 
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a 
 
b 
c d 
Figure 5.21: Envelope graphs: a and b for pcf; c and d for markcorr 
 
5.1.7.4. Point pattern difference testing between two types 
A permutational t-test was used to test the difference of pcf-function between two 
types. The results are shown as follows, showing that the two types are not 
significantly different in the pcf function. 
 
  Studentized permutation test for grouped point patterns 
 PPP ~ Type 
 2 groups: Type IIb, Type IV 
 summary function: pcf, evaluated on r in [0, 2.5] 
 test statistic: T, 999 random permutations 
data:  H 
T = 0.92577, p-value = 0.833 
alternative hypothesis: not the same pair correlation function 
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5.1.8. Overstorey species diversity analysis results 
5.1.8.1. Richness, SIVI and biodiversity indices 
The total number of all species for the secondary forest is 147. In this, there are 68 
species not present in the old-growth forest. For the primary forest, the total number of 
all species is 133, and it has 55 exclusive species. Species names are listed in 
Appendix 6 and Appendix 7. 
 
Richness, species importance value index and some other biodiversity indices were 
calculated to provide information about diversity level in the study site. The computed 
results are shown in the following table. 
 
Table 5.7: Biodiversity index results 
Plots Richness Simpson 
Shannon - 
Wiener  
Shannon 
evenness/Jevenness 
Type IIb plot 1 35 0.930 3.07 0.864 
Type IIb plot 2 40 0.825 2.71 0.734 
Type IIb plot 3 37 0.869 2.76 0.763 
Type IIb plot 4 39 0.903 2.96 0.809 
Type IIb plot 5 33 0.828 2.49 0.713 
Type IIb plot 6 41 0.916 3.03 0.816 
Type IIb plot 7 47 0.962 3.50 0.909 
Type IIb plot 8 39 0.941 3.28 0.895 
Type IIb plot 9 43 0.889 3.04 0.808 
Type IIb plot 10 37 0.916 3.06 0.847 
Average 39.1 0.898 2.99 0.816 
Type IV plot 1 34 0.922 3.00 0.850 
Type IV plot 2 33 0.916 2.97 0.848 
Type IV plot 3 38 0.959 3.38 0.930 
Type IV plot 4 38 0.945 3.26 0.896 
Type IV plot 5 26 0.856 2.53 0.776 
Type IV plot 6 28 0.858 2.48 0.744 
Type IV plot 7 35 0.920 3.04 0.854 
Type IV plot 8 32 0.952 3.23 0.933 
Type IV plot 9 38 0.958 3.40 0.935 
Type IV plot 10 35 0.915 2.99 0.842 
Average 33.7 0.920 3.03 0.861 
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Species accumulation curves were calculated based on richness for each type as 
follows (Figure 5.22). 
a: Type IIb b: Type IV 
Figure 5.22: Species accumulation curves 
 
SIVI results are indicated in the next table. 10 species with the highest index in each 
forest type are shown (for all species, see Appendix 6 and Appendix 7). 
 
Table 5.8: Ten species with highest SIVI 
Type IIb Type IV 
Species SIVI Species SIVI 
Schima crenata Korth. 44.736 Schima crenata Korth. 19.558 
Syzygium cinereum (Kurz) Chanlar 15.703 Syzygium oblatum (Roxb.) A.M. & J.M. Cowan 13.019 
Nephelium melliferum Gagn.. 9.5149 Lithocarpus thomsonii (Miq.) Rehder. 11.88 
Syzygium cumini (L.) Druce. 7.7051 Elaeocarpus grumosus Gagn.. 10.848 
Castanopsis ceratacantha Rehd. & Wils.. 7.1206 Turpinia pomifera (Roxb.) DC.. 9.9146 
Vitex pierreana P. Dop 6.9501 Ostodes pinaculata Bl.. 8.7923 
Elaeocarpus grumosus Gagn.. 5.9619 Dracuntomelon dao (Blco) Merr. Ex Rolfe. 8.5474 
Macclurodendron oligophlebia (Merr.) Hartl 5.8011 Elaeocarpus darlacensis Gagn.. 8.1309 
Pterospermum argenteum Tard.. 5.695 Dracuntomelon duperreanum Pierre. 7.2915 
Madhuca pasquieri (Dub.) H.J. Lam. 5.2582 Lithocarpus longepedicellata (H. & C.) A. Cam.. 6.8263 
 
In both states, Schima crenata Korth is outstanding, especially in the state IIb. SIVI 
index of this species here is very high, 44.736. Next is Elaeocarpus grumosus Gagn. It 
also appears in both states with relatively high SIVI index. Other species are different 
between two forest states. 
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5.1.8.2. Biodiversity index comparison by using LMM 
Linear mixed effect models were also applied to compare the difference of biodiversity 
indices among two forest stages and the random effect on results. The results are 
summarized as follows. 
Table 5.9: LMM comparison results for biodiversity indices 
Biodiversity index Random and fixed effect 
Richness 
Random effects: 
 Formula: ~1 | Section 
         (Intercept) Residual 
StdDev: 0.0001297132 4.075673 
Fixed effects: Richness ~ Type  
            Value Std.Error DF   t-value p-value 
(Intercept)  39.1  1.288841 16 30.337334  0.0000 
TypeType IV  -5.4  1.822696 16 -2.962644  0.0092 
Simpson 
Random effects: 
 Formula: ~1 | Section 
         (Intercept)   Residual 
StdDev: 3.172102e-06 0.04176109 
Fixed effects: Simpson ~ Type  
             Value  Std.Error DF  t-value p-value 
(Intercept) 0.8979 0.01320602 16 67.99173  0.0000 
TypeType IV 0.0222 0.01867613 16  1.18868  0.2519 
Shannon - 
Wiener 
Random effects: 
 Formula: ~1 | Section 
        (Intercept) Residual 
StdDev:  0.05004169 0.300088 
Fixed effects: Shannon ~ Type  
                Value  Std.Error DF   t-value p-value 
(Intercept) 2.9909001 0.09969026 16 30.001928  0.0000 
TypeType IV 0.0381468 0.13436146 16  0.283912  0.7801 
Shannon evenness 
Random effects: 
 Formula: ~1 | Section 
        (Intercept)   Residual 
StdDev:  0.01934025 0.06323395 
Fixed effects: Evenness ~ Type  
                Value  Std.Error DF  t-value p-value 
(Intercept) 0.8162681 0.02313412 16 35.28416   0.000 
TypeType IV 0.0451412 0.02836152 16  1.59164   0.131 
 
Table 5.9 indicates that the random effect is not really an issue. All standard deviation 
values are less than 0.01. Standard deviation for Shannon-Wiener and Shannon 
evenness are much bigger than Richness and Simpson. In addition, all p-values for the 
fixed factor are greater than 0.05, except for Richness. 
 
5.1.8.3. Tree species diversity comparison 
Permutational multivariate analysis of variance once again is used in this case. In the 
next paragraph, analyzed PERMANOVA results are presented. 
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Call: 
adonis(formula = data ~ Type, data = Typedata, strata = Typedata$Section)  
 
Blocks:  strata  
Permutation: free 
Number of permutations: 999 
 
Terms added sequentially (first to last) 
 
          Df SumsOfSqs MeanSqs F.Model      R2 Pr(>F)     
Type       1    1.1427 1.14270  4.1664 0.18796  0.001 *** 
Residuals 18    4.9367 0.27426         0.81204            
Total     19    6.0794                 1.00000            
--- 
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 
 
The random effect is not strong, because without strata element in the command, the 
result is the same. The p-value for the F test is 0.001. 
 
5.2. Regeneration storey structure analysis results 
5.2.1. Height frequency distribution 
For regeneration, only the total height was measured. From this data, the height 
variable is divided into 6 classes: 0-1, 1-2, 2-3, 3-4, 4-5, 5-6 m. Next, the number of 
trees in each group is counted to build the frequency distribution. In the next figures, 
charts are the frequency distribution of regeneration at 20 plots for 2 stages. 
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Figure 5.23: Regeneration height frequency distribution for Type IIb 
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Figure 5.24: Regeneration height frequency distribution for Type IV 
 
5.2.2. Height frequency distribution difference testing 
Regeneration height frequencies in different classes of two forest types were tested by 
permutational multivariate analysis of variance. The results are shown as follows. 
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Call: 
adonis(formula = data ~ Type, data = Typedata, strata = Typedata$Section)  
 
Blocks:  strata  
Permutation: free 
Number of permutations: 999 
Terms added sequentially (first to last) 
          Df SumsOfSqs  MeanSqs F.Model      R2 Pr(>F)     
Type       1   0.28727 0.287271  38.889 0.68359  0.001 *** 
Residuals 18   0.13296 0.007387         0.31641            
Total     19   0.42024                  1.00000            
--- 
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 
 
When strata element is added to the command, there is no difference. 
 
5.2.3. Biodiversity index for regeneration 
The total number of all regenerating species of type IIb is 141. In this, 74 species are 
not present in the type IV. For type IV, total number of all regenerating species is 132, 
and it has 65 exclusive species. Species names are listed in Appendix 8 and Appendix 
9. 
 
Similarly, for Type IIb, the number of exclusive species of overstorey is 62, while that 
of regeneration is 56. The results for the old forest are as follows: number of exclusive 
species of overstorey stratum and regeneration are 59 and 58, respectively. All of these 
species are presented in Appendix 10, 11, 12 and 13. 
 
Biodiversity indices were also computed to understand the biodiversity of stands. 
Based scientific names of species and the number of individuals Richness, Simpson, 
Shannon-Wiener and Shannon evenness were calculated and are presented in the next 
table. 
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Table 5.10: Biodiversity index results for regeneration 
Plots Richness Simpson 
Shannon - 
Wiener  
Shannon 
evenness/Jevenness 
Type IIb plot 1 43 0.942 3.25 0.864 
Type IIb plot 2 43 0.945 3.30 0.878 
Type IIb plot 3 39 0.951 3.24 0.884 
Type IIb plot 4 46 0.935 3.26 0.851 
Type IIb plot 5 42 0.945 3.28 0.877 
Type IIb plot 6 36 0.943 3.14 0.875 
Type IIb plot 7 37 0.949 3.22 0.891 
Type IIb plot 8 58 0.975 3.86 0.950 
Type IIb plot 9 55 0.954 3.53 0.880 
Type IIb plot 10 51 0.960 3.54 0.901 
Average 45 0.950 3.36 0.885 
Type IV plot 1 40 0.958 3.38 0.915 
Type IV plot 2 36 0.941 3.17 0.885 
Type IV plot 3 37 0.942 3.21 0.890 
Type IV plot 4 31 0.932 3.00 0.875 
Type IV plot 5 40 0.949 3.29 0.892 
Type IV plot 6 29 0.935 3.00 0.892 
Type IV plot 7 35 0.957 3.32 0.933 
Type IV plot 8 46 0.965 3.58 0.934 
Type IV plot 9 48 0.958 3.51 0.906 
Type IV plot 10 50 0.965 3.62 0.924 
Average 39.2 0.950 3.31 0.905 
 
Species accumulation curves for each stage were made. Results are as follows (Figure 
5.25). 
 
a: Type IIb 
 
b: Type IV 
Figure 5.25: Regeneration species accumulation curves 
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5.2.4. Biodiversity index difference comparison 
From the calculated results of the biodiversity indicators above, combined with data on 
the coordinates of the plots and Section variable, linear mixed effect models were 
applied again to analyze effects of the random factor and check out the difference in 
biodiversity indicators at two research forest types. The results are summarized in the 
following table. 
 
Table 5.11: LMM results for regeneration biodiversity indices 
Biodiversity index Random and fixed effect 
Richness 
Random effects: 
 Formula: ~1 | Section 
        (Intercept) Residual 
StdDev:        7.95     3.37 
Fixed effects: Richness ~ Type  
            Value Std.Error DF t-value p-value 
(Intercept)  45.0      4.72 16    9.53  0.0000 
TypeType IV  -5.5      1.52 16   -3.60  0.0024 
Simpson 
Random effects: 
 Formula: ~1 | Section 
        (Intercept) Residual 
StdDev:      0.0098     26.5 
Fixed effects: Simpson ~ Type  
             Value Std.Error DF t-value p-value 
(Intercept)  0.951   0.00599 16   158.8   0.000 
TypeType IV -0.001   0.00280 16    -0.2   0.855 
Shannon - 
Wiener 
Random effects: 
 Formula: ~1 | Section 
        (Intercept)  Residual 
StdDev:   0.2216428 0.1189711 
 
Fixed effects: Shannon ~ Type  
                Value Std.Error DF   t-value p-value 
(Intercept)  3.370609 0.1337332 16 25.203978  0.0000 
TypeType IV -0.051413 0.0536056 16 -0.959104  0.3518 
Shannon evenness 
Random effects: 
 Formula: ~1 | Section 
        (Intercept)  Residual 
StdDev:  0.01621627 0.0192059 
 
Fixed effects: Evenness ~ Type  
                Value   Std.Error DF  t-value p-value 
(Intercept) 0.8876955 0.011253936 16 78.87867  0.0000 
TypeType IV 0.0182829 0.008644289 16  2.11502  0.0505 
 
5.2.5. Regeneration species diversity comparison 
Permutational multivariate analysis of variance was applied again. The results of this 
analysis are the basis for conclusions about the difference of biodiversity among forest 
types. That difference is in terms of the number of species and number of individuals 
per species. The result comparisons are presented in the next box. 
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Call: 
adonis(formula = data ~ Type, data = Typedata)  
 
Permutation: free 
Number of permutations: 999 
 
Terms added sequentially (first to last) 
 
          Df SumsOfSqs MeanSqs F.Model      R2 Pr(>F)     
Type       1    1.0365 1.03648  3.9238 0.17898  0.001 *** 
Residuals 18    4.7547 0.26415         0.82102            
Total     19    5.7912                 1.00000            
--- 
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 
 
The p-value is 0.001 and the random effect is insignificant. 
 
5.2.6. Regeneration spatial distribution 
5.2.6.1. Nonrandomness index results 
Number of regenerating plants was investigated and counted from fixed plots. The plot 
arrangement method was systematic. Consequently, the regeneration spatial 
distribution on the ground was examined by the Payandeh’s formula. Details of the 
calculation are presented in the previous chapter. Table 5.12 show results obtained 
from these calculations. In general, most of the  nonrandomness values are less than 1, 
with the exception of the first plot of Type IIb. 
 
Table 5.12: Nonrandomness index results for regeneration 
Type Nonrandomness index 
Type IIb 1.915 0.598 0.458 0.563 0.479 0.188 0.162 0.280 0.532 0.392 
Type IV 0.131 0.161 0.146 0.154 0.124 0.300 0.347 0.311 0.450 0.253 
 
5.2.6.2. Nonrandomness index value testing results 
Results of the Mann-Whiney test are presented in the following paragraph. 
 Wilcoxon rank sum test 
 
data:  Index by type 
W = 85, p-value = 0.006841 
alternative hypothesis: true location shift is not equal to 0 
 
The calculated results, graphs and some feasible restoration measures will be discussed 
and presented in the next chapter, Chapter VI. 
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CHAPTER VI: DISCUSSION 
 
6.1. Overstorey structure differentiation 
6.1.1. Structure and spatial distribution difference 
The differences between the two forest types (regenerating forest IIb and old-growth 
forest IV) are quite obvious. The regenerating forest is more homogeneous, while the 
old forest is more diverse and variant. These differences are reflected in different 
structural attributes.  
 
6.1.1.1. Stand information 
Table 5.1 provides basic information about the two types of forest stands. In this, the 
density and volume of the forest are important and necessary information. 
 
The results indicate that the density, i.e. the number of trees per area unit, of the 
regenerating forest more than 1.8 times that of the old-growth forest. The density 
decrease is explained by self-thinning and competition between trees.  The majority of 
secondary forests were formed from 1970-1980, as mentioned in the material chapter. 
Type IIb are in the recovery phase. When large trees are exploited, gaps and open 
canopy have created an opportunity for regeneration and understorey trees to grow. 
When the regeneration and understorey trees grow up, they compete for light, water, 
nutrients and space (Berger et al., 2008). This leads a number of trees to die because 
they are the losers in the competition with others. Thus, the density tends to decrease 
as forest age increases (Barnes et al., 1998). This finding is consistent with those of 
Sau (1996), Wu et al. (2013), Khang (2014) and Rutten et al. (2014). 
 
Density results also support previous research which examined the tree density in 
tropical forests, especially in Central Highland of Vietnam by Sau (1996) and Binh 
(2014). The reason is that they used a same criteria (minimum diameter is 6 cm). And 
their studies are also in the Central Highland, meaning site conditions are not very 
different. The density results of all plots lie in the range found by Sau (1996) and Binh 
(2014). The range is from 316 to 1186 trees/ha. 
 
However, compared with many other studies, the density in the study area is generally 
higher. IIb forest density is about 1019 trees/ha, IV forest is 547 trees/ha. These values 
are higher than in Richards (1996), especially Type IIb and the results of Ha and Hong 
(2010) for III forests in Kon Tum province, or results of Quang et al. (2014) in Phu 
Tho Province, Vietnam with the same criteria for minimum diameter. There are two 
possible explanations for this. Forests in Kon Ka Kinh national park were strictly 
protected from earlier on (from 1990) and had a lower forest exploitation intensity 
Discussion 
136 
than other regions. However, these explanations still have weaknesses, because the site 
index, site conditions and species composition may be different between studies. 
These weak points cannot be compared because of the lack of database in Vietnam. 
 
In contrast to density, the average forest volume of old-growth forests is greater by 1.8 
times than that of regenerating forests. This can be explained by a number of big trees 
in the jungle only. The volumes of investigated forests lie in a range which Brown and 
Lugo (1984) and (1996) have pointed out. However, considering the studies of Ha and 
Hong (2010) and UN-REDD (2013), the forest volume in the study area is slightly 
greater. This is in correspondence with greater density in observed stands. 
 
6.1.1.2. Statistical descriptions for diameter and height 
All statistics for diameter and height are presented in Table 5.2 and 5.3. In these, the 
mean value, standard deviation and skewness should be considered and analyzed 
because they reflect three aspects of the datasets: magnitude, variation and shape. 
 
Table 5.2 shows that on average, the standard deviation and skewness for the diameter 
of the young forest are smaller than those of the old forest. The average diameter of 
the regenerating forest is equal to 0.73 times the old one. 0.48 is the rate for the 
standard deviation between them. This also reflects a trend: the mean size of plants 
decreases with increasing density (Berger et al., 2008). The diameter is more variant in 
the old-growth forest. This is explained by a range between maximum and minimum 
diameters. The range for the forest IIb is 48.16 cm, while that of the old forest is 
101.12 cm. The value of skewness also proves that diameter distributions of the young 
forest are more homogeneous and positive skew. This is confirmed by the deviation 
between the skewness values of the young forest at 0.72, which is much smaller than 
that of the old-growth one (1.19). This finding is similar to the results of Anh (1998). 
 
The calculated values are in accordance with previous studies, particularly in Vietnam. 
The average diameter and standard deviation at IIb stands are greater than forest IIa 
which Hai (2014) calculated, because the IIb forest is older. The average diameter and 
standard deviation results are bigger than Anh’s (1998) results. However, the average 
diameter of the IIb forest does not differ from the results of Huu (2013) and is smaller 
than the results of Nhung (2012). For the old-growth forest, comparable to the Ha and 
Hang’s (2010) findings for Type III in Kon Tum, the average diameter of the jungle in 
this study is similar to, but smaller than Type IV forest Anh (1998) found. 
 
The calculation results for height variable are presented in Table 5.3. The result is 
completely similar to the diameter variable. In the young forest, the average height and 
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the deviation of the dataset are also smaller. This trend is explained by the presence of 
big trees in the jungle only. This leads to the range being much higher in old forest 
plots. This trend is also indicated in Anh’s study (1998) in Hue province. Compared to 
research of Anh (1998), Ha and Hang (2010), Nhung (2012) and Huu (2013), the 
average height and variation of the data do not differ significantly, for instance the 
average height also ranges from 7.64 to 18.04 m.  However, there is a slight difference 
in the average height of the IIb forest. The average tree height is greater than in some 
other studies. This can be explained by a greater density of trees and higher number of 
tree species. Thus, trees might grow faster to compete for light, and the site index may 
facilitate height growth. However, other factors such as site index and age are not 
considered because of poor database in Vietnam. 
 
There is another difference between the diameter and the height, which is the skewness 
value. These values for the height variable are smaller. In particular, the old forest has 
a negative value in plot 6. This indicates that the height distribution tends to have a 
more negative skew. In other words, the peak of the distribution will shift to the right, 
compared to the diameter distribution. Interestingly, in plot 6 of the primary forest, the 
height distribution is left-skewed. 
 
6.1.1.3. Diameter and height growth difference testing by linear mixed effect models 
To provide more solid evidence of the difference in size of trees between two forest 
types, and to examine influence of autocorrelation to the collected data, linear mixed 
effect models were used. Assumptions were checked. Heteroscedasticity is occurring. 
The variance of the old-growth forest is larger. This is improved significantly by using 
the varExp function, as can be seen in Figure 5.2. This study does not find a significant 
influence of autocorrelation on the observed data. Semivariograms show this. The 
normality assumption is accepted by checking model residuals. Therefore, linear 
mixed models are vital to compare the tree size among types. The results confirm that 
the tree size difference is statistically significant. The average diameter and height of 
the old-growth forest is greater than the regenerating forest by 5.71 cm and 3.73 m, in 
that order. In addition, the random factor (section) is not really important to the 
diameter, but slightly important to the height. The reasons for the effect of section are 
soil and side conditions. The plots in identical sections are often closer to others, so 
soil and side conditions are more similar. That will lead to non-randomness between 
plots in the same section. 
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6.1.1.4. Frequency distribution dissimilarity 
a. Based on frequency charts 
The charts in Figure 5.5 and Figure 5.6 describe the diameter frequency distributions 
for two forest types of the research. The number of trees belonging to first four classes 
of forest IIb and IV are respectively 81.36% and 72.49%. The proportion of small 
diameter trees is higher in the young forest. All plants in the regenerating forest are 
smaller than 66 cm in diameter. By contrast, in the jungle, the tree diameter can be up 
to 150 cm. The proportion of trees with a diameter greater than 66 cm in the old forest 
is 4.28%. The reason is selective logging from 1960 to 1980. The Kon Ka Kinh forest 
company harvested large trees for construction and making furniture. 
 
As mentioned in the literature review, the frequency tends to decrease when the 
diameter increases. This trend is evident in the regenerating forest. This supports 
previous research, especially tropical forests in Vietnam. 
 
There is another conclusion that can be drawn from these charts. The diameter 
frequency distributions of the young forest are fairly similar to each other, in terms of 
trend, frequency in each class and range between minimum and maximum values. In 
contrast, the distributions are more diverse in the jungle. For the young one, all plots 
have a clear decreasing trend. However, in plots 1, 2, 4 and 9 of the old forest, the 
distribution has a peak in groups 2 and 3, and then decreases gradually. This is similar 
to the findings of Khanh (1996) and Binh (2014). 
 
Additionally, these frequency charts show differences of dominating growth and 
mortality between the two types. The secondary forest is mostly in pole stage with 
very high growth potential and competition. These dominating processes cause the 
higher tree mortality. In contrast, for the old-growth forest, senescence might be more 
dominant, so the mortality is less. 
 
For the height variable, in general, the height frequency distribution of IIb forest is 
also more homogeneous. The homogeneity is reflected by following aspects: the 
distribution shape distribution, the number of trees in each group and the range. In the 
jungle, the height frequency distribution differs slightly from plot to plot. A similar 
difference between the diameter and height frequency distributions has also been 
presented in the studies of Thang et al. (2011), Xuan (2012), Hai (2014) and Khanh 
(2014). That is that the height frequency distribution is often positively skewed. The 
peak may be range from class 3 to 8. In this study, all height frequency distributions of 
the regenerating forest are right-skewed. However, the jungle has a negative skew 
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(plot 6) and plot 5 has a symmetric distribution. This once again demonstrates that the 
proportion of large trees, especially in height, is higher in the old-growth forest. 
 
b. Frequency distribution difference testing 
The analyzed results by permutational multivariate analysis of variance 
(PERMANOVA) confirm that both diameter and height frequency distributions are 
significantly different between the two types. In other words, the proportion of trees in 
each group is dissimilar between the regenerating forest and the primary forest. The 
effect of random factor (Section) is not considerable. However, the random factor 
affects the height more, because the p-value increases 0.001 for variable height. This 
conclusion is similar to the conclusion drawn from linear mixed models. Based on the 
tree density and the results of PERMANOVA, the following conclusions are drawn. 
The tree density is statistically lower in the jungle and tree allocation in diameter and 
height classes differs significantly between the two forest types. 
 
6.1.1.5. Diameter-height regression  
Regression analysis results show that there are some differences between the two types 
of forests. For the secondary forest, the best model is model 2. From the averages of 
the estimated parameters for the plots, the correlation equation for the secondary forest 
is described as follows. 
6027.0.2972.23.1 xy   (6.1) 
Considering only model 2, standard deviations of the parameters a and b of the 
secondary forest are 0.428 and 0.071, respectively. These values for the parameters of 
the old-growth forest are much greater: 1.625 and 0.093. Therefore, the conclusion to 
be drawn is that the correlation equation of the plots for the secondary forest is more 
uniform. 
 
For the primary forest, the best correlation equation is model 5. From the averages of 
the parameters estimated for the plots, the general average equation is described as 
follows. 
2
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.0317.0.5185.05913.0
3.1
xx
x
y

  (6.2) 
Regression equations of the plots in the primeval forest also indicate greater variation 
than the secondary forest. This is proven by the standard deviations. These values for 
the parameters a, b, c of the regenerating forest are: 0.745, 0.170 and 0.008 
respectively. However, these values for the parameters of the old-growth forest are 
bigger: 1.863, 0.275 and 0.007. Thus, analytical results indicate again that the old-
growth forest is more variant and more diverse. 
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Both best models for different types of forests are very common functions to describe 
the diameter-height regression (Pretzsch, 2009; Osman et al., 2012). They are convex 
curves. However, the large trees are only in Type IV. Therefore, the correlation curves 
are often more convex in the primary forest. The reason for this is that the growth rate 
of the height is lower than that of the diameter when tree age increases (Hinh and Tuat, 
1996). 
 
6.1.1.6. Canopy gaps  
The descriptive statistics calculation results for the gap size variable in the plots are 
shown in Table 5.6. The computed results illustrate that the number of gaps in the 
regenerating forest is slightly higher. This is somewhat contrary to the findings of 
Nicotra et al. (1999) and Numata et al. (2006). This can be explained as follows. The 
range for the height variable of the young forest is much lower (23.82 m versus 26.88 
m). Therefore, this may partly show that the canopy of the secondary forest is slightly 
thinner. Moreover, young forests have many smaller crown width plants. Therefore, 
when small trees are broken and fall down through storms, diseases or broken 
branches, this will create small gaps. This happens more often and more easily in the 
regenerating forest. In addition, this forest type has no large dead trees because of 
overmaturity. Another cause is higher vitality and competition processes. These 
processes result in higher mortality, especial among small trees. And small dead trees 
will generate more small gaps, compared to the primary forest. These may lead to the 
higher number of gaps in the secondary forest. 
 
The number of large gaps with a size greater than 100 m2 is significantly greater in the 
primary forest. The cause of this trend is large dead trees. When a large tree dies, it 
creates a large gap (Nicotra et al., 1999; Numata et al., 2006) with a size up to 1000 m2 
(Mabberley, 1992). This only appears in the primary forest. The following photos were 
taken at plot 2 and 3 of the primary forest showing the makers of large gaps. 
 
 
a. Standing dead tree 
 
b. Rotten logs 
Figure 6.1: Large dead trees are large gap makers 
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Corresponding to the number of gaps, the average gap size is significantly smaller in 
the regenerating forest. The total gap area rate of the young forest is also lower than 
the jungle. This is similar to the conclusion of Brokaw (1985), Tyrrell and Crow 
(1994), Yamamoto (2000) and Numata et al. (2006). Fewer big gaps in young forests 
lead to this. The gap size frequency also tends to decrease with increasing gap size for 
both types of forest. This finding is consistent with the results of Barnes et al. (1998), 
Yamamoto (2000), Huth and Wagner (2006) and Numata et al. (2006). The averages 
of total gap area rate and gap size of this study are in the range which Brokaw (1985), 
Tyrrell and Crow (1994) have indicated. These authors showed that the gap area rate is 
from 3% to 23%. The gap size ran from 90 to 250 m2. The differences of the gap area 
rate and gap size can be explained by the differences of vitality and mortality in the 
two forest types. For Type IIb, many small trees die, creating many small gaps. In 
addition, some gaps are closed quickly by surrounding trees because the growth 
potential is much higher in this type. On the contrary, Type IV has many large dead 
trees, leading to large gaps. And these large gaps take a long time to close. 
 
Finally, similar to previous parts, the gap size distributions of the secondary forest are 
more homogeneous (in terms of shape, number of gaps in each class and the range). 
Permutational multiple analysis of variance results show that the gap size frequency 
distributions are significantly different among two types, because the Pr(>F)value is 
0.001. In other words, the proportion of gaps in each size group differs statistically 
between two types. The results also indicate that effect of random factor (Section) is 
not important in this case. 
 
6.1.1.7. Spatial distribution patterns 
Data on the X, Y coordinates of the trees, the diameter and replicate point pattern 
analysis were used to analyze spatial distribution patterns of trees on the ground. These 
differences have been revealed. This study focuses on analyzing the differences in the 
three main aspects: density, type of distribution and variation. 
 
Firstly, the density between the two studied forest types is statistically significant. 
These results again support the conclusion in Section 6.1.1.1. The density of the 
regenerating forest is significantly higher than the old one. 
 
Secondly, regarding the type of spatial distribution, the results from G-function and the 
pair correlation function indicate the following conclusions. For the regenerating 
forest, trees distribute mainly randomly on the ground. Distribution with the scale 
smaller than 1.5, 30% of plots tend to be regular and 20% plots are clustering. This 
type of distribution is typical in tropical forests, especially young forests. This has also 
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been concluded and presented in previous studies such as Fangliang et al. (1997), 
Condit et al. (2000), Luo et al. (2009), Rejou-Méchain (2011); Hung (2013) and Hai et 
al. (2014).  
 
Another difference found in the old-growth forest is that the spatial distribution is very 
diverse and tends to resemble a regular one. This is clearly expressed in the pair 
correlation function results. Up to 60% of old forest plots have regular distributions, 
while 20% of the plots are randomly distributed. Therefore, the tree spatial distribution 
tends to shift from random to regular distributions when the forest gets mature. This 
trend has also been demonstrated in both Vietnam and other countries through the 
study of Christensen (1977), Sau (1996) and Fangliang et al. (1997). One explanation 
for this is the competition of the big trees. Big trees will push other individuals out 
further and generate a more evenly distributed form. 
 
However, the differences of spatial point patterns between two forest types are not 
significantly different. It is confirmed by the t-test results, based on pcf values. The p-
value is 0.001 (less than 0.05). 
 
In addition, in the jungle, the results of the envelope function express that the variation 
is much greater than the young forest. This is a consequence of long-term development 
of forest trees. During the growth process, the survival of trees is affected by many 
environmental factors such as light, nutrients, competition and so on (Mabberley, 
1992; Fangliang et al., 1997; Barnes et al., 1998, Wagner et al., 2011). As a result, the 
distribution of trees is altered dramatically and unpredictably. Another reason leading 
to the higher variation and more regular distribution in the jungle is an observed area. 
The area of investigation in each plot is 10x50 m. This area is small compared to many 
other studies. Low density combined with the growing competition are a cause of the 
trend, because trees tends to keep others away, leading to the regular distribution. The 
heterogeneity of tree distribution patterns on the grounds and investigated plot area 
also influence the results. For example, the following figure shows tropical tree 
locations (Baddeley, 2008). If the plot is a black frame, the distribution seems to be 
clustered. But if the plot is red frame, the distribution is similar to random patterns, 
and if the plot is a blue frame, the distribution is regular. 
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Figure 6.2: Tropical tree location (Baddeley, 2008) 
 
The mark correlation function results show a difference between the two forest types. 
For the regenerating forest, the trees are more randomly distributed in terms of 
diameter. In other words, the same size trees are distributed randomly on the ground. 
In contrast to the jungle, the forest trees are more regularly distributed also with regard 
to the diameter. This means that trees with different diameters may be neighbors while 
plants with the same size are spread evenly over plots. Clustering of trees with similar 
size does not occur. Up to 70% of the plots show this trend. This is the result of 
competition and self-thinning. 
 
The spatial distribution pattern of trees on the ground is more homogeneous in the 
secondary forest, whereas it is very diverse in the old-growth forest. These results and 
others from section 6.1.1 make a conclusion that hypothesis H1 is accepted. 
 
This can also be explained by development phases existing in the forest. In secondary 
forests, the large plants were harvested decades earlier. Selection harvesting relaxes 
competition pressure and opens the canopy to second and lower stories, so that they 
can grow more homogeneously. In contrast, old-growth forests include different 
development phases such as gap phase, regeneration phase, optimum phase, terminal 
phase and so on (Leibundgut, 1982; Barnes, 1998). Therefore the overstorey is more 
diverse and inhomogeneous, and it is also the reason why hypothesis H1 is accepted. 
 
6.1.2. Biodiversity distinction of overstorey trees 
The results for richness in Table 5.7 show that the number of species in the 
regenerating forest is 1.16 times more than the old one. The number of species for 
forests IIb and IV is 105 and 95 per ha, respectively. The richness difference is 
significant because of the result comparison with the linear mixed model in Table 5.9. 
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This proves that the assertion of Richards (1996) is right. A higher number of species 
in the young forest has also been demonstrated in research by Khang (2014). However, 
it is also contrary to the general trend which Brown and Lugo (1990) and Richards 
(1996) pointed out that the number of species in regenerating forests is often lower. 
There are several reasons to explain this phenomenon. The secondary forest is a 
consequence of selection harvest from 1960-1990. However, this disturbance 
happened only one time. And it is single tree selection, so the exploitation creates an 
intermediate-size opening. Seeds and propagules from both adjacent tree adults and 
other species that can travel great distances can colonize and establish themselves in 
the secondary forest. This leads to higher diversity and richness (Connell, 1978). This 
is called the intermediate disturbance hypothesis. However, this hypothesis was 
questioned on both empirical and theoretical grounds (Fox, 2013). Additionally, in the 
regenerating forest, the canopy may be thinner, based on the range values of the height 
variable. Therefore, it might have a larger amount of light availability, which provides 
good conditions for the growth of many species. Another reason is that forests in the 
research area after harvesting have been protected very early from harmful human and 
grazing activities. This results in higher density and a greater number of species in the 
secondary forest. This could also be the cause of higher richness than the findings of 
Khang (2014) in the Central Highland and South of Vietnam. The author found that 
the richness ran from 44-45 species per ha. 
 
Species accumulation curves in Figure 5.22 become relatively flatter to the right. This 
means that a reasonable number of plots have been taken and investigated. More 
intensive plots only add a few new species. In other words, the observation area is 
relatively large enough. 
 
In contrast to richness, other biodiversity indices are slightly lower in the secondary 
than in the primary forest. This is explained as follows. Although in the primary forest, 
the number of species is lower, individuals are allocated more evenly in different 
species, meaning that the biodiversity indices are higher. This trend is also partly 
demonstrated by SIVI values. In the old-growth forest, the value is less variant. For 
type IIb, Schima crenata has very high SIVI result (44.73) and much bigger than the 
other species. However, the biodiversity index difference is not significant. This 
conclusion is drawn from the results of Table 5.9. Another conclusion from this table 
is that the random factor influence on indices is also not significant. 
 
The level of biodiversity in the study area, in terms of biodiversity indices, is 
completely similar to the national parks in Thailand that Podong and Poolsiri (2013) 
summarized. It is also same as other areas in the Central Highland and South of 
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Vietnam which Khang (2014) and Binh (2014) calculated. They range from 2.078 to 
4.280 for the Shannon index and 0.726 and 0.974 for the Simpson index. 
 
Ten species with the greatest SIVI values are presented in Table 5.8. The results show 
that Schima crenata and Elaeocarpus grumosus are two dominant species in both 
forest types. Other species are different between the two types. This represents the 
species abundance in the study area. The number of exclusive species in the young 
forest is 68, whereas 55 species are only found in the old-growth forest. Higher 
richness of both overstorey and regeneration in the young forest might be the cause of 
this trend. Regrettably, missing information about the species traits, e.g. light 
demander, shade tolerant and so on, hinders any ecological meaningful conclusion 
about the reasons for the differences in species composition.  
 
Species structure, the number of species and the number of individuals in each species 
are statistically different between the two forest types. This is proven by the results of 
PERMANOVA. Based on the above analyses and results, hypothesis H2 is rejected. 
 
6.2. Regeneration dissimilarity 
6.2.1. Density and frequency distribution 
The IIb forest density is 22,930 seedlings/ha, while that of the IV forest is 13,900 
seedlings/ha. This regeneration density is lower than the results of Girma and Mosandl 
(2012) and Chapman and Chapman (1997). In Vietnam, the density is greater than the 
results that Woo et al. found in 2011. However, it is very similar to the findings of 
Binh (2014) in Da Lat province with the same forest types, very close to the study site. 
Binh also used the same criterion which is the regenerating tree with a lower height of 
6 m. And he found that the density is 19,280-22,053/ha. 
 
Thus, the regeneration density of the forest after selective logging is much higher. This 
conclusion is also found in the studies of Dien et al. (2010) and Khang (2014) in 
Vietnam, as well as Chapman and Chapman's research (1997) in Uganda and 
Gardinnge et al. (1998) in Indonesia. This is explained by the structure of secondary 
forests. Single selection harvest happened, and this is an intermediate disturbance. 
Seeds from both adjacent mother trees and far distance trees can germinate in the 
secondary forest (Connell, 1978). In addition, higher density and richness of the 
overstorey in the secondary forest will cause a higher number of regenerating trees 
here. Another reason is that the secondary forest sometimes has a thinner canopy and 
more small gaps. This might lead to a greater amount of light availability in some 
places. These are very good conditions for germination and development of 
regeneration, especially pioneers (Mabberley, 1992; Barnes et al., 1998). Another 
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reason is that the regenerating forest in the study area is not too far from mother trees 
in the primary forest. Consequently, the seed supply is excellent. Height histograms in 
Figure 5.23 and 5.24 have shown this difference. 
 
Regarding the height frequency distribution, another note is that the number of trees 
decreases with increasing height. This trend has been concluded by many authors as 
presented in the literature review. There is one more interesting point derived from the 
frequency graphs. In secondary forests, the amount of regeneration in the first class 
(less than 1 m in height) is very high, and then falls sharply in the second group. In 
other words, a higher mortality when regeneration is less than 1 m in height. In 
contrast, in the jungle, the mortality rate is relatively similar in all groups. 
Permutational multivariate analysis of variance results show that the frequency 
distributions are statistically different between the two types. In other words, the 
number of regenerating plants in each height class is very different between the two 
forest types. 
 
6.2.2. Biodiversity indices 
Completely similar to overstorey trees, the average number of species in the plots of 
forest IIb is higher than the primary forest. This difference is statistically significant. 
This is proven by the results of the linear mixed model for richness. The total number 
of species of the two forest types is 141 and 132 per 1000 m2, respectively. The 
explanation for this phenomenon is the same as for overstorey. 
 
The survey results also illustrate that the number of exclusive regenerating species of 
the forest IIb is 74, more than 9 species of the primary forest. For both forest types, the 
number of exclusive species in the overlayer is greater than that of regeneration. This 
means that many species of overlayer have no regenerating tree. Therefore, recovery 
measures and enrichment planting should focus on these species. However, this 
conclusion is uncertain because the survey methodology and investigation area for 
overstorey trees and regenerating trees are different in this study. 
 
Regeneration survey area is also adequate in terms of the number of species. This is 
the result seen from rarefaction charts in Figure 5.25. The chart is much flatter at the 
right. This can support the previous conclusion. 
 
Overall, the level of regeneration biodiversity in the study area is completely similar to 
other areas in Vietnam where Blanc (2000), Woo et al., (2011), Khanh (2014), Thang 
et al. (2015) conducted research. Biodiversity indicators are not statistically different 
between the two forest types. This is indicated by the comparison results with the 
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linear mixed model in Table 5.11. However, the allocation of species, the number of 
species and the number of individuals for each species differ significantly. This is the 
conclusion drawn from the results of running PERMANOVA. 
 
6.2.3. Spatial distribution of regeneration 
From the collected data on the number of regenerating trees in each sub-plot, 
Payandeh’s formula was applied to examine the spatial distribution of regeneration. 
The results in Table 5.12 show that the spatial distribution is regular in both forest 
types, except for the plot 1 of Type IIb. However, as the Payandeh test shows, the 
regeneration of Type IV forest is even more regularly distributed than that of Type IIb. 
This is also proved by results of Mann-Whiney test. The test indicates that 
nonrandomness index values are statistically different between Type IIb and Type IV 
(p-value is 0.0068). This result still remains when Plot IIb1 (an outlier) is removed (p-
value is 0.0132). 
 
These distribution characteristics are published in the studies of Hai (2009), Nhung 
(2012) and Huu (2013) in the forests II and III in Vietnam. However, this conclusion is 
not the same as the research of Anh (1998), Pare (2009), Quang and Minh (2011). 
Regular distribution may be the result of good environmental conditions including 
light, nutrient and moisture (González-Rivas et al., 2009) and many seed trees in 
adjacent forests (Gebrehiwot, 2003).  
 
Based on the results of section 6.2, a part of hypothesis H3 is rejected. In other words, 
the number of regenerating species in the old-growth forest is less than the secondary 
forest. However, another part of that hypothesis is accepted. The spatial distribution of 
the regeneration in Type IV is more regular. 
 
6.3. Proposing restoration measures 
Some relevant and specific measures that should be applied in the study area will be 
presented in the next paragraphs. These measures proposed based on forest restoration 
solutions are listed, described in the literature review and combined with the 
characteristics of forest structure as analyzed in the study. In addition, another base of 
these solutions is my knowledge and observation during fieldwork conducted in Kon 
Ka Kinh national park, Gia Lai, Vietnam. 
 
The first solution that should be continued is protection. This solution is in line with 
national parks in Vietnam. This measure will protect the natural forest in the study 
area from harmful activities of humans, such as illegal logging, non-timber product 
exploitation of indigenous peoples, grazing activities, farming and tourism in the 
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buffer zone (Figure 6.3). The protected forests will have more favorable conditions for 
regeneration and natural growth of forest trees. As a result, the structure, species 
composition will be gradually restored and resemble characteristics of the jungle. 
 
 
a. Local people 
 
b. Tourists in the buffer zone 
 
c. A patrol by rangers 
 
d. Educating local people 
Figure 6.3: Activities in the park 
 
Forest protection activities are the main tasks of forest rangers in Kon Ka Kinh 
national park. Rangers at 7 stations should continue to conduct patrols and inspection 
of forest resources to detect and prevent illegal forest product exploitation activities in 
the region. Rangers also need to check and control people coming into and out of the 
park, especially the activities of local people in the buffer zone. In contrast, the 
activities of the ranger need to be closely monitored. The monitoring activities for this 
force are to avoid bribery and complicity with the illegal activities that damage to 
forest resources. 
 
In addition, education and awareness-raising activities for local people on the 
importance of forests and forest conservation are essential (Figure 6.3). Park staff 
needs to go to schools and villages near the forest to propagate and raise awareness. As 
people’s awareness is enhanced, they will limit the activities which are harmful to the 
forest. They will know how to protect the forest and use forest resources sustainably. 
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The second solution is assisted and managed natural regeneration. The secondary 
forest in the study area has a higher regeneration density of 800 seedlings/ha. It also 
has many mother trees close to the primary forest. Regeneration distribution is regular. 
Therefore, this measure is fully applicable. Park staff and workers need to clear weeds 
and vines around regenerating trees in order to remove competitors and generate a 
better environment for seedlings. These activities can be carried out 1-2 times a year 
and primarily focus on areas with a lower density of regeneration, gaps and thinner 
canopy. 
 
The next measure is thinning and opening canopy. Regeneration results show that the 
mortality rate of regeneration is very high in the secondary forest. This is a 
consequence of the high density of the overstorey and lack of light from the canopy. 
Therefore, opening the canopy by thinning some trees is necessary. Opening the 
canopy will provide more light for regeneration to grow. The light needs of 
regenerating trees of most species in tropical forests increases when they grow up 
(Hinh and Giao, 1996). Thinning can be conducted in random or systematic locations. 
For random places, thinning should focus on poor quality trees or where there is an 
exclusive species of regeneration. Thinning activities should also be carried out where 
the forest canopy is thick and the density of regeneration with height greater than 2 m 
is very low. 
 
The fourth method is additional and enrichment planting. This is a necessary solution 
to enhance biodiversity and recover faster, especially in poor regeneration sites. 
However, this solution is expensive, because it requires the costs for nurseries, 
seedling tending, seed collection and planting. Based on the characteristics of the 
overstorey and regeneration layer, gap and group planting should be implemented. 
Seedlings should be planted in the gaps, especially larger gaps in the secondary forest. 
They should also be grown in places with sparse forest foliage. In particular, light 
demanding species should be planted in areas with low coverage and greater light 
intensity. The planting site selection should be carried out carefully by the survey to 
improve the efficiency and survival rate of seedlings. 
 
There are two methods that should be applied. The first method is seedling planting. 
Good quality seedlings will be taken from the nursery to grow under the forest canopy. 
Basic planting techniques are as follows: (1) Dig a hole twice the size of the container, 
(2) Put the seedling into the hole and press soil around the stem, (3) By using 
measuring cups fertilize and (4) Cover with cardboard mulch and protect the seedling 
(Elliott et al., 2013). 
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Another method is direct seeding. At the beginning of a rainy season, collected seeds 
from the mother plant or storage will be sown in appropriate locations. Direct seeding 
techniques are (1) Clear weeds, (2) Make a small hole and add good forest soil, (3) 
Press some loose soil and seeds and (4) Cover with soil and some forest litter (Elliott 
et al., 2013). 
 
Finally, a maximum diversity solution should be implemented. Assisted regeneration 
and planting measures must focus on improving the species diversity in secondary 
forests. Therefore, accelerated regenerating and planting should focus on the exclusive 
species in Type IV like Alseodaphne rhodendropsis, Barringtonia angusta, Canarium 
album or Actinodaphne rehderiane, Baccaurea ramiflora, Calophyllum polyanthum, 
etc. These restoring activities should also concentrate on exclusive species of the 
overstorey in Type IIb such as: Adinandra integerrima, Baccaurea ramiflora, 
Calophyllum polyanthum and so on. This will contribute to increasing species 
diversity in the secondary forest and resembling the primary one in the future. 
 
Based on the above measures and implications, the final hypothesis (H4) is accepted. 
 
6.4. Improved points in this research 
The first point is an investigated plot area. The plot area to investigate overstorey trees 
in this study was 2000 m2. The sample plot area is quite large, compared with other 
studies of natural forest structure in Vietnam. Normally, the plot area is from 500-2000 
m2 (Hai, 2009; Woo et al., 2011; Quang and Minh, 2011; Binh, 2014). The number of 
subplots to inventory regeneration is 25. The area of each sub-plot was 4 m2. 
Therefore, the total area of regeneration investigation was 100 m2 for each plot. A 
systematic sampling method was applied, so the sub-plots distributed evenly over the 1 
ha plot. This is also a relatively large area to investigate regeneration in Vietnam. 
Many studies often use 5 sub-plots (4 sub-plots at corners and 1 sub-plot in the center) 
(Hinh and Giao, 1996; Hai, 2009; Khang, 2014). 
 
The second point is R application. R was used to analyze all data in this research. The 
previous studies, especially in Vietnam, often use Excel and SPSS. However, 
currently, R has demonstrated many advantages. The first advantage is a free program, 
so license cost is not the issue. Moreover, analysts can add, install and use many 
packages for specific targets. R is also very useful when researchers would like to 
repeat analysis. And finally, R can perform analysis that Excel and SPSS cannot 
conduct, for example, point pattern analysis. 
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Thirdly, linear mixed effect model application. Numerous previous and current 
forestry research often use statistical tests or analysis of variance to compare groups or 
samples (Chapman and Chapman, 1997; Cao and Zhang, 1997; Gebrehiwot et al., 
2004; Rad et al., 2009). However, the downside of these statistical tools is that they 
cannot check effects random factors and spatial autocorrelation among individuals or 
samples. Therefore, linear mixed effects models can be used to overcome the above 
disadvantages (Pinheiro and Bates, 2000; Wagner, 2014; West et al., 2015). 
 
Similarly, permutational multivariate analysis of variance (PERMANOVA) should 
also be used when comparing the samples or interested groups. There are many 
reasons to use PERMANOVA. It can compare the samples based on multiple variables 
at once (Finch and French, 2013). In addition, this method does not require distribution 
assumptions (Mier, 2012; Hamann, 2016). Therefore, this method is also a good way 
to compare diameter and height frequency distributions between testing groups. 
 
Finally, replicated point pattern analysis. That is a new method and it is rarely applied 
in ecological studies (Ramón et al., 2016). This method is appropriate for a small 
sample size or a low number of individuals in each plot because the replicated point 
pattern analysis will use all plots to assess and produce results (Illian et al., 2008; 
Després et al., 2014). Additionally, some tests can be applied for replicated point 
patterns, because of replicates. Therefore, point pattern differences between groups 
can be tested and concluded statistically. This tool can also perform mixed-effect 
models to check the influence of random factors (Baddeley, 2016). 
 
The conclusions of this study will be presented in the final chapter, Chapter VII. 
 
Conclusion and Recommendation 
152 
CHAPTER VII: CONCLUSION AND RECOMMENDATION 
 
7.1. Conclusion 
Forest resources in Vietnam have been declining and degrading considerably over the 
past decades. The secondary forest is expanding fast. Therefore, this research is 
necessary to contribute improving forest area and quality, reducing difficulties in 
forest management in accordance with the development orientation of the government. 
The study is also a small solution to enhance the grasp of forest structure, structure 
changes after harvesting and fill serious gaps in knowledge, especially in the research 
area. In addition, research results will contribute to improving and rescuing the poor 
secondary forest and restoring it, approaching the old-growth forest in Vietnam. 
 
The study was conducted in Kon Ka Kinh national park, Gia Lai, Vietnam. It has 
examined the differences in the forest structure and the spatial distribution of 
overstorey trees in forest Type IIb (the regenerating forest) and forest Type IV (the 
primary forest). The research has also analyzed biodiversity differences between the 
two forest types. In addition, characteristics of the regeneration layer have been 
checked and evaluated. Based on the analysis above, some restoration measures have 
been proposed. 
 
The analysis results show that the difference between the two types is significant. 
Young forests are more homogeneous in terms of density, volume, frequency 
distributions, regression and gaps. In contrast, the primary is more diverse. Therefore, 
the hypothesis H1 is accepted. The secondary forest density is about 1.8 times than the 
jungle. However, the volume is only 0.56 times. The average diameter and height of 
the regenerating forest is less by 5.71 cm and 3.73 m than the old-growth forest, 
respectively. The results of the linear mixed effect model indicate that this difference 
is statistically different and the influence of the random factor (Section) is negligible. 
Diameter frequency distribution tends to decrease in both forest stages. Forest IIb has 
many small trees, concentrated in the first 2-3 classes, and the diameter frequency 
distribution is quite homogeneous. The primary forest has more big trees. For both 
forest stages, the height frequency distribution has a positive skew. However, the 
distribution is less right-skewed, compared to the young one. The PERMANOVA 
results illustrate that the frequency distribution is statistically different between the 
two forest types. Regression functions are also more variant and diverse in the old-
growth forest, because all standard deviations of the parameters are greater there. 
Regarding gaps, the number of gaps in the young forest is slightly higher, while the 
average gap size is much smaller. Gap size frequency distributions are similar to the J-
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shaped distribution/negative exponential distribution. And they are significantly 
different between the two types. 
 
Regarding the spatial distribution of overlayer trees, the G-test and the pair correlation 
function results show that the spatial distribution of forest trees is random in the 
regenerating forest. Conversely, the tree distributes more diversely and regularly in the 
old-growth forest. Up to 60% of plots in the old forest show the regular trend, but the 
spatial point pattern difference is not significant. The Envelope function demonstrates 
that the spatial distribution variation in young forests is much lower than in the 
primary forest. In addition, the plants with the same diameter also distribute randomly 
in stage IIb and regularly in stage IV. This is the conclusion drawn from the mark 
correlation function. 
 
In terms of overstorey biodiversity of the overstorey, the hypothesis H2 is rejected. In 
other words, the biodiversity of the secondary forest is more than in the old-growth 
forest, especially richness. The richness of the young forest is 1.16 times higher than 
the old one. In contrast, biodiversity indicators such as Simpson and Shannon tend to 
be slightly smaller at these stands. The average Simpson index for the secondary forest 
and the old-growth forest is 0.898 and 0.920, respectively. However, the difference is 
insignificant. Species accumulation curves become relatively flatter on the right. This 
proves that a reasonable number of plots have been investigated. PERMANOVA 
results prove that species structure, number of species and number of individuals in 
each species are significantly different between the two forest types.  
 
Another analyzed issue is regeneration. The conclusion shows that the hypothesis H3 
is rejected. This can be explained as follows. There are both similarities and 
differences between the two types. Regeneration density of the stage IIb is 22,930 
seedlings/ha, greater the old forest by 9030 seedlings. In both forest types, height 
frequency distributions of regenerating trees decrease as height increases. The 
mortality of seedlings in the first group (less than 1 m) is much higher, especially in 
young forests. Similar to overstorey, the richness of the regenerating forest is 141 
species, higher than the primary by 9 species. Biodiversity indices of Type IIb do not 
differs significantly from Type IV, and all p values are greater than 0.05. However, the 
allocation of species, the number of species and number of individuals for each species 
also differ significantly between the two types. Spatial distribution of the regeneration 
is mainly regular. Up to 95% of the plots reflect this distribution type. 
 
Based on the results of forest structure analysis above, in combination with collected 
knowledge during the fieldwork, some restoration measures are proposed and can be 
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applied in the secondary forest. As a result, the hypothesis H4 is also accepted. The 
first measure is forest protection. This measure is in line with the regulations of the 
state in national parks. The protection activities are conducted primarily by rangers. 
These activities will protect forest resources from illegal exploitation, grazing and 
tourism. In addition, environmental education and awareness-raising activities for 
local people is essential. Additional and enrichment planting is also necessary. Such 
activities should focus on exclusive species of the overstorey in stage IIb or exclusive 
species of the primary forest. Species biodiversity will gradually be improved, based 
on selection of these species. Doing this can meet the development orientation of 
forest resources in the Central Highland. Moreover, this is also the goal of the 
maximum biodiversity measure. 
 
7.2. Suggestions for further research 
First of all, on data collection methods, the methods of investigation should be 
integrated in the same object. The first example is regeneration investigation 
techniques. The investigated area of the regeneration should be in the first trip where 
overstorey tree positions have been recorded. In addition, the coordinates of 
regenerating trees can be measured in an area of 10x50 m. Thus, changes in spatial 
distribution between the overstorey and regenerating layer will be concluded more 
accurately and reasonably. Another proposal is that the regeneration can be 
investigated within gaps. This will help understand impacts of gaps on the growth and 
structure of the regeneration. 
 
Several other investigations should be conducted in future studies. Firstly, the area to 
measure coordinates of the tree should be larger (greater than 10x50 m). This will 
result in spatial distribution analysis results of forest trees that will be more accurate 
and representative. One more proposal is that the plants should be classified into 
groups such as light demanding plants, shade tolerant plants, pioneers and so on, or be 
classified based on other ecological characteristics of the species. Additionally, the 
flowering season, minimum diameter for flowering and dispersal should also be 
investigated. These will create more favorable conditions in the analysis of species 
composition changing, species group differences between forest types, as well as be a 
basis for proposing restoration measures. 
 
Forest Types I and III should also be observed to determine the effects of selective 
logging on the forest structure, as well as the structural changes through the stages of 
forest development. 
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In addition, hemispherical photography should be used to gain information about leaf 
area index, light diffusion, leaf inclination angles and radiation under the canopy 
(Wagner, 2001; Wagner and Hagemeier, 2006). This tool is useful for forest structure 
analysis, but this method requires many special techniques and skills to enhance result 
accuracy (Wagner, 1998). 
 
If there are sufficient labor and financing available, the coordinates of regenerating 
plants should be measured, so that new statistical methods like replicated point pattern 
analysis can be implemented in order to analyze the spatial distribution of the 
regeneration. Genetic technology or high-tech in the labs should be used to identify 
tree species. This will bring more accurate results, especially for detecting new 
species. In addition, other methods such as distance matrices, rank-correlation with the 
mantel test, analysis of similarity tests, analysis of ecological distance by clustering 
and ordination should also be applied to understand changes in biodiversity among 
forest types. 
 
Findings on spatial distribution of overstorey trees should be further analyzed and 
classified by species or groups of species. This will lead to a better understanding of 
the ecology of the species in natural forests. It can be a basis for conservation and 
development of forest resources in the future. Findings about the biological diversity 
of the overstorey and regeneration should be analyzed according to species or groups 
of species. This will help foresters better understand the biodiversity of species and the 
forest ecosystem. 
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APPENDIX 
 
Appendix 1 
List of instruments and materials 
for data collection for one plot 
No. Items Purpose 
Number 
of tools 
1 GPS 
Boundary survey, and locating plots, gap 
positions and important ecological tree locations.  
2 
2 
Current forest resources and 
soil maps 
To determine plot locations and use in the field 2 
3 Marker pen To label trees by using paper pieces. 2 
2000 m2-plot and 4 m2-plot establishment 
4 Compass Plot navigation 1 
5 Rope For plot boundary delineation 500 m 
6 Linear tape 
For locating plot boundary and for distance 
measurement 
2 x 50 
 
7 Chalk 
For marking the trees within the boundaries 
temporarily and for ensuring they are measured. 
3 boxes 
8 Marking tapes For plot marking 500 m 
9 Metal pieces For marking the plot center 25 
10 Small woody piles For bordering the plot 20-25 
11 Jungle knife For cutting liana and bordering the plot 2 
Slope and diameter measurement 
12 Compass 
For measuring the ground slope, top, and bottom 
angle to the tree 
1 
13 Linear tape 
For measuring the distance between the tree and 
the measurer; and to establish the plots 
2 
14 Calipers For measuring the tree diameter 2 
15 1.3m sticks For marking 1.3m position on the trunk 2 
16 Work sheets For recording field data 2 
Height measurement 
17 Plum-leiss For measuring total tree height 2 
Other divices 
18 Raincoat Agaist the rain 4 
19 Canvas Agaist the rain and seat on 8-10 m2 
20 Food, water For workers  
 
  
Appendix 
181 
Appendix 2 
Tree position inventory 
 
Strip number: ………………………. 
Plot number: ……………………….. 
No. of data collection plot: ......…….. 
Forest type:…………………………. 
Canopy cover:……………………... 
Inventory date:…………………….. 
Surveyor:………………………….. 
Forest status:………………………. 
 
No. Species 
DBH 
H Hunder 
Crown W. Xr 
(or Xl) 
Yr 
(or Yl) 
Quality 
(A,B,C) E-W N-S E-W N-S 
           
           
           
           
           
           
           
           
           
           
           
           
           
           
           
           
           
           
           
           
           
           
           
           
           
           
           
           
           
           
           
           
           
           
           
           
           
 
Notes:   - This table will be used to investigate tree positions for point pattern analysis. 
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Appendix 3 
Tree data collection 
Plot number: ……………………….. 
No. of data collection plot: ......……... 
Forest type:…………………………. 
GPS location:……………………….. 
Slope: ………………………………. 
Elevation: ………………………….. 
Canopy cover:……………………… 
Inventory date:……………………... 
Surveyor:…………………………… 
Forest status:……………………….. 
Aspect: …………………………….. 
 
No. Species 
DBH 
H Hunder 
Crown W. Quality 
(A,B,C) E-W N-S Average E-W N-S 
          
          
          
          
          
          
          
          
          
          
          
          
          
          
          
          
          
          
          
          
          
          
          
          
          
          
          
          
          
          
          
          
          
          
          
          
          
          
 
Appendix 
183 
Appendix 4 
Regeneration investigation 
 
Regenerating plot number: …………………………………….………… 
Plot number: ………………………………….…….…...………………. 
Forest type: …………………………………….……………................... 
 
No. Species Quality Sum 
Height level (m) 
0-0.5 0.5-1.0 1.0-2.0 2.0-3.0 3.0-4.0 
Origin Origin Origin Origin Origin 
Sp S Sp S Sp S Sp S Sp S 
              
              
              
              
              
              
              
              
              
              
              
              
              
              
              
              
              
              
              
              
              
              
              
              
              
              
              
              
              
              
              
 
Notes:   - This table will be used to investigate regenerating trees in 2m x 2m-plots. 
- Transect walk inventory and systematic sampling method will be applied. 
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Appendix 5 
Gap inventory 
 
Gap characteristics 
Plot number: …………………………………………………………................. 
Transect number: …………………………………………………….................. 
Angle of transect to North: ………….……………………………….................. 
Inventory date:………………………. ………………………………................. 
Observer: ……………………………………………………………................... 
Forest type: ………………………….………………………………................... 
GPS location of center:  X: ……………..……Y: ..………………….. ................ 
Slope (o): …………………………….………………………………................... 
Aspect (E of N):……………………. ………………………………................... 
Elevation (m):……………………………. ………………………….................. 
Gap aperture (o):……………………...……………………………….. ............... 
Potential canopy species in the gap (3-5 species): ..………………….. ............... 
Average height of adjacent canopy (m): ……………………………….............. 
Topographic position (1-5)*: …………………………………………................. 
Notes: * 1 - Valley bottom, 2 - Concave lower slope, 3 - Midslopes, 4 - Convex upper slope, 
5 - Ridge or flat upland. 
 
Sketch and general comments: 
………………………………………………………………………………………… 
………………………………………………………………………………………… 
………………………………………………………………………………………… 
………………………………………………………………………………………… 
………………………………………………………………………………………… 
………………………………………………………………………………………… 
 
Gap maker 
Gap 
number 
Gap makers: Species d.b.h. (cm) Ht(m) E of N Agent Class 
        
        
        
        
        
        
        
        
        
        
        
Classes:      1 - Uprooted; 2 - Partly uprooted; 3 - Broken (stxnp ht); 
  4 - Standing dead; 5 - Limb dead or broken; 6- Others. 
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Gap size 
Gap 
number 
Center 
(X, Y) (GPS or 
measurements) 
Longest 
Line (m) 
Angle to 
North (o) 
Shortest 
Line (m) 
Angle to 
North 
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Appendix 6 
All species and exclusive species of Type IIb to Type IV for the overstorey 
 
“*” is the note for exclusive species 
No Species SIVI 
Exclusive 
species 
1 Schima crenata Korth. 44.7364072   
2 Syzygium cinereum (Kurz) Chanlar 15.7027932   
3 Nephelium melliferum Gagn.. 9.5148873 * 
4 Syzygium cumini (L.) Druce. 7.7050884 * 
5 Castanopsis ceratacantha Rehd. & Wils.. 7.1205727 * 
6 Vitex pierreana P. Dop 6.9500942 * 
7 Elaeocarpus grumosus Gagn.. 5.9618556 * 
8 Macclurodendron oligophlebia (Merr.) Hartl 5.8011051 * 
9 Pterospermum argenteum Tard.. 5.6950247   
10 Madhuca pasquieri (Dub.) H.J. Lam. 5.2581823 * 
11 Xerospermum noronhianum (Bl.) Bl.. 4.9377982 * 
12 Ostodes pinaculata Bl.. 4.6082877   
13 Elaeocarpus darlacensis Gagn.. 4.3910023   
14 Taxotrophis macrophylla (Bl.) Boerl. 4.1705756 * 
15 Litsea verticillata Hance. 4.1582813   
16 Azadiracta excelsa (Jack) Jacobs. 4.1110257   
17 Irvingia malayana Oliv. 3.9811473 * 
18 Ilex rotunda Thunb.. 3.952805 * 
19 Knema pachycarpa de Wilde. 3.9302895   
20 Litsea brevipetiolata Lec.. 3.723461 * 
21 Castanopsis scortechinii Gamble. 3.5126956 * 
22 Diospyros longipedicellata Lec.. 3.4933536   
23 Disoxylum hoaensis (Pirre) Pell.. 3.4577415 * 
24 Acmena acuminatissimum (Bl.) Merr. & Perry. 3.3919162 * 
25 Cinnamomum soncaurium (Ham.) Kost.. 3.1303868   
26 Elaeocarpus limitanus Hand.-Mazz.. 3.10867   
27 Garcinia vilersiana Pierre. 2.9798179   
28 Memecylon chevalieri Guill.. 2.9596575 * 
29 Dracuntomelon dao (Blco) Merr. Ex Rolfe. 2.9335951 * 
30 Bischofia javanica Bl.. 2.9017083   
31 Litsea lancifolia var. alternifolia Meissn.. 2.8428827   
32 Hydnocarpus kurzii (King) Warb.. 2.7872233 * 
33 Canarium bengalense Roxb.. 2.7023754 * 
34 Garcinia gaudichaudii Planch. & Triana 2.6165568   
35 Garcinia fusca Pierre. 2.4730308 * 
36 Castanopsis indica (Roxb.) A. DC.. 2.4133008 * 
37 Lagerstroemia calyculata Kurz. 2.3906775 * 
38 Ochrocarpus siamensis T.Anders.. 2.2588816 * 
39 Aglaia cambodiana (Pierre) Pierre & Pell. 2.2114135   
40 Phoebe lanceolata (Nees) Ness. 2.1214629 * 
41 Garcinia oligantha Merr.. 2.0972255   
42 Litsea monopetala (Roxb.) Pers.. 2.0399103 * 
43 Polyanthia cerasoides (Roxb.) Hook.. 1.8960984   
44 Lithocarpus longepedicellata (H. & C.) A. Cam.. 1.8758655   
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45 Diospyros kaki L.f. 1.7826905   
46 Grewia bulot Gagn.. 1.7676283 * 
47 Schefflera kontumensis Bùi. 1.7302109   
48 Lagerstroemia crispa Pierre ex Lan.. 1.7070661   
49 Michelia constricta Dandy. 1.6776784   
50 Antidesma montanum Bl.. 1.6736231   
51 Castanopsis arietina Hick & Cam.. 1.6182824   
52 Greenia corymbosa (Jack) Shum.. 1.6132535   
53 Sapium discolor (Benth.) Muell.-Arg.. 1.5950447   
54 Ficus sumatrana Miq. var. sumatrana. 1.5445322   
55 Litsea griffithii Gamble var. anamensis Liouho. 1.4673899 * 
56 Diospyros salletii Lec. 1.4281682 * 
57 Trevesia burkii Boerl.. 1.388748   
58 Lithocarpus harmandii (Hick & Cam.). Cam.. 1.3804545 * 
59 Mangifera minutifolia Evr. 1.3491493   
60 Alangium kurzii Craib.. 1.2949305 * 
61 Macaranga indica Wight. 1.294283   
62 Dysoxylum binactariferum Hook.f. 1.2756045   
63 Ilex godajam Colebr.. 1.2713305   
64 Ficus variegata Bl. var. variegata. 1.260329 * 
65 Quercus austrocochinchinensis Hick. & Cam 1.2386878   
66 Cinnamomum orocolum Kost.. 1.1974148 * 
67 Palaquium obovatum (Griff.) Engler var. obovatum. 1.1342704 * 
68 Guioa diplopetala (Hassk.) Radlk. 1.1216745 * 
69 Quercus poilanei Hick. & Cam.. 1.1185856 * 
70 Podocarpus neriifolius D. Don. 1.1103368   
71 Hopea odorata Roxb.. 1.081269   
72 Harmandia mekongensis Pierre. 1.0754529   
73 Amesiodendron chinense (Merr.) Hu. 1.0750125 * 
74 Rothmania vietnamensis Tirv. 1.0580314   
75 Nageia wallichiana (Presl) O. Ktze. 1.0382111 * 
76 Glycosmis craibii Tan.. 0.9971863   
77 Litsea lancilimba Merr.. 0.9476949   
78 Balakata baccata (Roxb.) Essia. 0.9236244   
79 Beilschmiedia robertsonii Gamble. 0.902835   
80 Madhuca butyrospermoides Chev. 0.8312111   
81 Alchornea annamica Gagnep. 0.8285558 * 
82 Litsea olongata (Nees) Benth. & Hook.f. 0.8055455 * 
83 Turpinia pomifera (Roxb.) DC.. 0.7915991   
84 Sapium rotundifolium Benth. 0.7794327 * 
85 Actephila nitidula Gagn.. 0.7548705 * 
86 Cleistocalyx nervosum (DC.) Phamhoang. 0.750736   
87 Litchi sinensis Radlk. 0.7413269   
88 Dillenia pentagyna Roxb.. 0.7236821   
89 Diospyros susarticulata Lec. 0.7110105   
90 Pterocarpus macrocarpus Kurz. 0.69688   
91 Randia fasciculata (Roxb.) DC. Var. multiflora Pit.. 0.6951385 * 
92 Prunus fordiana var. balansae (Koehne) J.E. Vid.. 0.6798282 * 
93 Decaspermum gracilentum(Hance) Merr. & Perry. 0.6796165   
94 Elaeocarpus fleury Chev. Ex Gagn.. 0.6786934   
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95 Colona floribunda (Wall.) Craib. 0.6748654   
96 Winchia calophylla A.DC. 0.6586641   
97 Eurya japonica Thunb.. 0.6369833   
98 Endospermum chinense Benth.. 0.6324061   
99 Glochidion obliquum Dene. 0.6018439 * 
100 Vitex pinnata L.. 0.5908051 * 
101 Quercus fructisepta A.Camus 0.5890124 * 
102 Macaranga kurzii (Kuntze) Pax et H.Hoffm. 0.567385 * 
103 Vitex leptobotrys var. evrardii P. Dop. 0.5508164   
104 Trichilia elegans 0.5481273   
105 Cinnamomum ovatum Allen 0.5235503 * 
106 Ficus vascolusa Wall. Ex Miq. 0.463501   
107 Elaeocarpus apiculatus Mast. In Hook.f.. 0.4363133   
108 Lithocarpus leiostachyus A. Cam 0.4298971 * 
109 Baccaurea ramiflora Lour.. 0.4255985   
110 Antidesma ghaesembilla Gaertn.. 0.4236773 * 
111 Vitex tripinnata (Lour.) Merr.. 0.4209578 * 
112 Elaeocarpus nitentifolius Jack 0.4196748 * 
113 Croton chevalieri Gagn.. 0.4185395 * 
114 Antidesma chonmon Gagn.. 0.4115606   
115 Diospyros cauliflora Bl.. 0.4083982 * 
116 Bulbophyllum retusiusculum Rchb.f. 0.4080062   
117 Bauhinia lorantha Pierre ex Gagnep. 0.3929542   
118 Alstonia angustifolia Wall.. 0.3929371   
119 Hopea helferi (Dyer) Brandis. 0.3848106 * 
120 Sterculia cochinchinensis Pierre. 0.3822988 * 
121 Ormelia philippina (Turcz.) F. Villar. 0.3818307 * 
122 Syzygium oblatum (Roxb.) A.M. & J.M. Cowan 0.3793399   
123 Homalium dasyanthum (Turcz.) Warb.. 0.375472 * 
124 Syzygium tramnion (Gagn.) Merr. & Perry. 0.350856 * 
125 Machilus thunbergii Sieb. & Zucc. 0.3482776 * 
126 Rauwolfia reflexa Teijsm. & Binn. 0.3475185   
127 Peltophorum pterocarpum (A.P. de Cand.) Back. ex Heyne. 0.3400668 * 
128 Calophyllum polyanthum Wall. Ex Choisy. 0.3391573   
129 Spondias pinnata (Koenig & L.f.) Kurz. 0.338483   
130 Duabanga grandiflora (DC.) Walp. 0.3345775 * 
131 Adinandra integerrima T. And.. 0.3278573 * 
132 Tabernaemontana bovina Lour.. 0.3256905   
133 Baccaurea silvestris Lour.. 0.3253398   
134 Alseodaphne percoriacea Kosterm. 0.3248193   
135 Pterospermum diversifolium Bl.. 0.3219961   
136 Lithocarpus aggregatus A.Camus 0.320896 * 
137 Glycosmis pentaphylla Corr. 0.3162002   
138 Cinamomum balansae H. Lec.. 0.3137481 * 
139 Celtis philippense var Wightii. (Pl.) Soepadmo. 0.3122085 * 
140 Strereospermum cylindricum Pierre ex Dop. 0.3120005 * 
141 Claoxylon indicum Bl. Endl. Ex Hassk.. 0.3110048   
142 Toona sureni Bl. Merr. 0.3110048   
143 Litsea elongata (Ness) Benth.& Hook.f. 0.3106273   
144 Aglaia anamensis Pell.. 0.310443   
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145 Ardisia tinctoria Pit.. 0.310443 * 
146 Artocarpus gomezianus Wall.. 0.310352   
147 Cratoxylon formosum subsp. Prunifolium (Kurz) Gog.. 0.3102617   
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Appendix 7 
All species and exclusive species of Type IV to Type IIb for the overstorey 
 
“*” is the note for exclusive species 
No Species SIVI 
Exclusive 
species 
1 Schima crenata Korth. 19.557517   
2 Syzygium oblatum (Roxb.) A.M. & J.M. Cowan 13.018949   
3 Lithocarpus thomsonii (Miq.) Rehder. 11.880404 * 
4 Elaeocarpus grumosus Gagn.. 10.848391   
5 Turpinia pomifera (Roxb.) DC.. 9.914618   
6 Ostodes pinaculata Bl.. 8.7923053   
7 Dracuntomelon dao (Blco) Merr. Ex Rolfe. 8.5473942   
8 Elaeocarpus darlacensis Gagn.. 8.1308892   
9 Dracuntomelon duperreanum Pierre. 7.2914705 * 
10 Lithocarpus longepedicellata (H. & C.) A. Cam.. 6.8263075   
11 Vitex pinnata L.. 6.7728325   
12 Tristaniopsis burmanica (Griffith) Wills. & Waterhouse. 5.7420106 * 
13 Pterospermum argenteum Tard.. 5.6357123   
14 Cleidion brevipetiolatum Pax & Hoffm.. 5.3208225 * 
15 Lithocarpus coalitus (Hick. & Cam.). 5.3115061 * 
16 Walsura robusta Roxb.. 5.0832164 * 
17 Syzygium pachysarcum (Gagn.) Merr. & Perry. 4.8219097 * 
18 Quercus setulosa Hick. Et Camus. 4.4313977 * 
19 Litsea griffithii Gamble var. anamensis Liouho. 4.2436574   
20 Grewia bulot Gagn.. 3.8119398   
21 Ormosia remicastrata Hance. 3.6733158 * 
22 Elaeocarpus fleury Chev. Ex Gagn.. 3.6452843   
23 Ilex rotunda Thunb.. 3.6328903   
24 Irvingia malayana Oliv. 3.6183278   
25 Garcinia fusca Pierre. 3.3920509   
26 Ficus sumatrana Miq. var. sumatrana. 3.379799   
27 Celtis philippense var Wightii. (Pl.) Soepadmo. 3.2731087   
28 Diospyros mollis Griff. 3.204275 * 
29 Elaeocarpus apiculatus Mast. In Hook.f.. 3.1879367   
30 Syzygium tinctorium (Gagn.) Merr. & perry. 3.141154 * 
31 Nephelium lappaceum L.. 2.8148164 * 
32 Terminalia calamansanai (Bl.) Rolfe. 2.806223 * 
33 Polyanthia cerasoides (Roxb.) Hook.. 2.6617035   
34 Pometia pinnata J.R. & G. Forst.. 2.6559664 * 
35 Azadiracta excelsa (Jack) Jacobs. 2.5265647   
36 Knema pachycarpa de Wilde. 2.4303118   
37 Pterospermum diversifolium Bl.. 2.3849994   
38 Syzygium cumini (L.) Druce. 2.335489   
39 Syzygium tramnion (Gagn.) Merr. & Perry. 2.3324153   
40 Nephelium melliferum Gagn.. 2.2744902   
41 Antidesma montanum Bl.. 2.2060427   
42 Macclurodendron oligophlebia (Merr.) Hartl 2.1612564   
43 Cratoxylum cochinchinensis (Lour.) Bl.. 2.0937934 * 
44 Diospyros kaki L.f. 2.0843741   
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45 Ficus pisocarpa Bl. 2.0453388 * 
46 Dillenia ovata Wall. ex Hook.f. et Thwaites 2.0359339 * 
47 Garcinia gaudichaudii Planch. & Triana 2.0267651   
48 Hydnocarpus kurzii (King) Warb.. 2.0232885   
49 Ficus vascolusa Wall. Ex Miq. 2.0222585   
50 Ilex godajam Colebr.. 1.9758435   
51 Garcinia vilersiana Pierre. 1.8515591   
52 Litsea olongata (Nees) Benth. & Hook.f. 1.8117506   
53 Engelhardia serrata Bl. Var. Cambodia Mann. 1.7515006 * 
54 Rothmannia eucodon (K. Schum.) Brem.. 1.7387525 * 
55 Disoxylum hoaensis (Pirre) Pell.. 1.7106543   
56 Litsea verticillata Hance. 1.7075304   
57 Lithocarpus corneus (Lour.) Rehd. 1.6807938 * 
58 Dillenia pentagyna Roxb.. 1.6763741   
59 Cinamomum balansae H. Lec.. 1.5166997   
60 Balakata baccata (Roxb.) Essia. 1.5027646   
61 Winchia calophylla A.DC. 1.4987672   
62 Ochrocarpus siamensis T.Anders.. 1.4320028   
63 Litsea monopetala (Roxb.) Pers.. 1.2345185   
64 Canarium bengalense Roxb.. 1.1725193   
65 Bischofia javanica Bl.. 1.1407821   
66 Croton chevalieri Gagn.. 1.1242328   
67 Xerospermum noronhianum (Bl.) Bl.. 1.0967159   
68 Elaeocarpus grandiflorus J.E. Smith. 1.0798398 * 
69 Antidesma ghaesembilla Gaertn.. 1.0492012   
70 Vitex leptobotrys var. evrardii P. Dop. 0.9492957   
71 Garcinia merguensis Wight. 0.9412228 * 
72 Michelia constricta Dandy. 0.9167384   
73 Betula alnoides Buch.-Ham.. 0.9167004 * 
74 Dysoxylum binactariferum Hook.f. 0.8944101   
75 Carpinus poilanei A. Cam.. 0.8935079 * 
76 Elaeocarpus harmandii pierre. 0.8901794 * 
77 Mallotus eberhardii Gagn.. 0.8684823 * 
78 Bombax thorelii Gagn.. 0.8399625 * 
79 Randia fasciculata (Roxb.) DC. Var. multiflora Pit.. 0.8288083   
80 Quercus asymmetricus Hick. & Cam.. 0.8233968 * 
81 Diospyros longipedicellata Lec.. 0.8164369   
82 Endospermum chinense Benth.. 0.8071249   
83 Cinnamomum soncaurium (Ham.) Kost.. 0.7899099   
84 Pterocarpus macrocarpus Kurz. 0.7456296   
85 Macaranga kurzii (Kuntze) Pax et H.Hoffm. 0.698707   
86 Duabanga grandiflora (DC.) Walp. 0.6237372   
87 Dalbergia burmanica Prain. 0.6171377 * 
88 Litsea brevipetiolata Lec.. 0.6165692   
89 Lagerstroemia ovalifolia Teijsm. & Binn.. 0.6160027 * 
90 Palaquium polyanthum (Wall.) Baillon. 0.6077039 * 
91 Shorea roxburghii G.Don. 0.6051273 * 
92 Barringtonia angusta Kurz. 0.586219 * 
93 Ficus costata Ait.. 0.5713863 * 
94 Ficus altissima Bl. 0.5567574 * 
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95 Lithocarpus leiostachyus A. Cam 0.5312273   
96 Aglaia edulis (Roxb.) Gray. 0.5253521 * 
97 Guioa diplopetala (Hassk.) Radlk. 0.518647   
98 Alseodaphne rhodendropsis Kost.. 0.5179433 * 
99 Vitex pierreana P. Dop 0.5140604   
100 Taxotrophis macrophylla (Bl.) Boerl. 0.5090853   
101 Macaranga indica Wight. 0.5083862   
102 Michelia mediocris Dandy. 0.5035823 * 
103 Dipterocarpus obtusifolius 0.5030682 * 
104 Wendlandia paniculata (Roxb.) DC.. 0.5022169 * 
105 Canarium album (Lour.) Raeusch. ex. DC.. 0.49097 * 
106 Lithocarpus corneus var. zonatus C.C. Huang & Y.T. Chang. 0.4861186 * 
107 Artocarpus gomezianus Wall.. 0.475779   
108 Cratoxylon formosum (Jack.) Dyer. 0.4354564 * 
109 Ficus superba var. Japonica Miq.. 0.4322805 * 
110 Acmena acuminatissimum (Bl.) Merr. & Perry. 0.4283592   
111 Castanopsis ceratacantha Rehd. & Wils.. 0.426467   
112 Diospyros salletii Lec. 0.4252308   
113 Garcinia oblonggifolia Champ. Ex Benth.. 0.4212567 * 
114 Ormosia ormondii 0.4167849 * 
115 Harmandia mekongensis Pierre. 0.4162487   
116 Hopea helferi (Dyer) Brandis. 0.4128037   
117 Memecylon chevalieri Guill.. 0.4111656   
118 Elaeocarpus stipularis (E. thorelli) Blume 0.4065891 * 
119 Litsea elongata (Ness) Benth.& Hook.f. 0.4060172 * 
120 Actephila nitidula Gagn.. 0.4005558   
121 Alstonia angustifolia Wall.. 0.4005558   
122 Pterospermum mucronatum Tardieu 0.4003205 * 
123 Diospyros latisepala Ridl. 0.3995147 * 
124 Spondias pinnata (Koenig & L.f.) Kurz. 0.3986276   
125 Sapium rotundifolium Benth. 0.3959931   
126 Bridelia monoica (Lour.) Merr. 0.3954392 * 
127 Syzygium cinereum (Kurz) Chanlar 0.3949056   
128 Ficus hispida L.f. var. hispida. 0.3943922 * 
129 Palaquium annamense Lec.. 0.3942256 * 
130 Castanopsis arietina Hick & Cam.. 0.3938991   
131 Litchi sinensis Radlk. 0.3934262   
132 Croton longipes Gagnep. 0.3931974 * 
133 Quercus megalocarpa A.Camus 0.3924713 * 
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Appendix 8 
All species and exclusive species of Type IIb to Type IV for the regeneration 
 
“*” is the note for exclusive species 
No Species 
Exclusive 
species note 
1 Acer heptaphlebium Gagn.. * 
2 Acmena acuminatissimum (Bl.) Merr. & Perry.   
3 Actephila nitidula Gagn..   
4 Acuba japonica Thunb.. * 
5 Aglaia cambodiana (Pierre) Pierre & Pell.   
6 Alangium kurzii Craib. * 
7 Alstonia angustifolia Wall.. * 
8 Amesiodendron chinense (Merr.) Hu. * 
9 Antidesma montanum Bl.   
10 Aporosa planchoniana H.Br. * 
11 Aquilaria crassna Pierre ex Lec..   
12 Aucuba japonica Thunb.. * 
13 Azadiracta excelsa (Jack) Jacobs. * 
14 Balakata baccata (Roxb.) Essia.   
15 Beilschmiedia robertsonii Gamble. * 
16 Bischofia javanica Bl.. * 
17 Calophyllum balansae Pit.. * 
18 Canarium bengalense Roxb.. * 
19 Canarium lyi ??i & Yakol.. * 
20 Castanopsis armata (Roxb.) Spach.. * 
21 Castanopsis ceratacantha Rehd. & Wils.. * 
22 Castanopsis echinophora Cam..   
23 Castanopsis indica (Roxb.) A. DC..   
24 Castanopsis longipetiolata Hick.& Cam.. * 
25 Castanopsis scortechinii Gamble. * 
26 Cinamomum balansae H. Lec..   
27 Cinnamomum orocolum Kost..   
28 Cinnamomum soncaurium (Ham.) Kost..   
29 Cleistocalyx nervosum (DC.) Phamhoang. * 
30 Colona evecta (Pierre) Gagn.. * 
31 Cratoxylon formosum subsp. Prunifolium (Kurz) Gog.. * 
32 Croton chevalieri Gagn.. * 
33 Croton cubiensis Gagn.. * 
34 Croton maieuticus Gagn.. * 
35 Dalbergia hancei Benth. * 
36 Decaspermum gracilentum(Hance) Merr. & Perry.   
37 Dillenia indica L. * 
38 Dillenia pentagyna Roxb.   
39 Diospyros kaki L.f.   
40 Diospyros longipedicellata Lec..   
41 Diospyros mollis Griff.   
42 Diospyros pilosanthera Blco.. * 
43 Diospyros salletii Lec. * 
44 Disoxylum binateriferum Hook.f.. * 
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45 Disoxylum hoaensis (Pirre) Pell.. * 
46 Disoxylum juglans (Hance) Pell.. * 
47 Dysoxylum hoaensis (Pierre) Pell..   
48 Elaeocarpus apiculatus Mast. In Hook.f..   
49 Elaeocarpus darlacensis Gagn..   
50 Elaeocarpus fleury Chev. Ex Gagn..   
51 Elaeocarpus grumosus Gagn..   
52 Elaeocarpus kontumensis Gagn..   
53 Elaeocarpus limitanus Hand.-Mazz.. * 
54 Eurya japonica Thunb..   
55 Ficus esquiroliana Lévl.   
56 Ficus hirta var. brevipila Corn. * 
57 Ficus stenophylla Hemsl. var. stenophylla. * 
58 Ficus variegata Bl. var. variegata.   
59 Garcinia fusca Pierre.   
60 Garcinia gaudichaudii Planch. & Triana   
61 Garcinia oligantha Merr.. * 
62 Garcinia vilersiana Pierre.   
63 Glochidion littorale Bl. * 
64 Glycosmis pentaphylla Corr. * 
65 Gordonia intricata Gagn.. * 
66 Greenia corymbosa (Jack) Shum..   
67 Grewia bulot Gagn..   
68 Guioa diplopetala (Hassk.) Radlk. * 
69 Harmandia mekongensis Pierre.   
70 Hopea helferi (Dyer) Brandis.   
71 Hymenocarpum odoratum Pierre ex Pit.. * 
72 Ilex godajam Colebr.. * 
73 Ilex rotunda Thunb..   
74 Irvingia malayana Oliv.   
75 Ixora finlaysoniana Wall..   
76 Knema pachycarpa de Wilde.   
77 Lithocarpus coalitus (Hick. & Cam.).   
78 Lithocarpus harmandii (Hick & Cam.). Cam.. * 
79 Lithocarpus lepidocarpus (Hay.) Hay. * 
80 Lithocarpus thomsonii (Miq.) Rehder.   
81 Litsea acutivena Hay..   
82 Litsea baviensis var. * 
83 Litsea brevipetiolata Lec.. * 
84 Litsea cubeba (Lour.) Pers..   
85 Litsea elongata (Ness) Benth.& Hook.f. * 
86 Litsea griffithii Gamble var. anamensis Liouho.   
87 Litsea lancifolia var. alternifolia Meissn..   
88 Litsea olongata (Nees) Benth. & Hook.f.   
89 Litsea salmonca Chev.. * 
90 Litsea verticillata Hance.   
91 Macaranga denticulata (Bl.) Muell.-Arg.. * 
92 Macclurodendron oligophlebia (Merr.) Hartl   
93 Madhuca pasquieri (Dub.) H.J. Lam.   
94 Mangifera minutifolia Evr. * 
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95 Meiogyne subsessilis (Ast) Sincl.. * 
96 Memecylon chevalieri Guill..   
97 Memecylon edule Roxb.. * 
98 Michelia kisopa Buch.-Han. Ex DC.. * 
99 Neolitsea angustifolia Chev.. * 
100 Nephelium melliferum Gagn..   
101 Ochrocarpus siamensis T.Anders..   
102 Ostodes pinaculata Bl..   
103 Pavieria annamensis Pierre. * 
104 Phoebe lanceolata (Nees) Nees.   
105 Podocarpus neriifolius D. Don. * 
106 Polyalthia corticosa (Pierre) Fin. & Gagn.. * 
107 Polyanthia cerasoides (Roxb.) Hook..   
108 Pothos pilulifer Wall. * 
109 Prunus fordiana var. balansae (Koehne) J.E. Vid.. * 
110 Pterospermum argenteum Tard.. * 
111 Pterospermum diversifolium * 
112 Pterospermum grandiflorum Craib. * 
113 Pterospermum megalocarpum Tard..   
114 Pterspermum diversifolium Bl.. * 
115 Quercus austrocochinchinensis Hick. & Cam * 
116 Quercus fructisepta A. Cam.. * 
117 Quercus setulosa Hick. & Cam..   
118 Randia faciculata var. Indica Pit.. * 
119 Randia fasciculata(Roxb.) DC. var. multiflora Pit.. * 
120 Rauwolfia reflexa Teijsm. & Binn.   
121 Rothmania vietnamensis Tirv. * 
122 Rothmannia eucodon (K. Schum.) Brem..   
123 Sapium discolor (Benth.) Muell.-Arg..   
124 Schefflera kontumensis Bùi. * 
125 Schima crenata Korth.   
126 Scolopia spinosa (Roxb.) Warb..   
127 Syzygium cinereum (Kurz) Chanlar   
128 Syzygium cumini (L.) Druce.   
129 Syzygium zeylanicum (L.) DC.. * 
130 Tabernaemontana pauciflora Bl.. * 
131 Tarenna vanpruckii Craib..   
132 Taxotrophis macrophylla (Bl.) Boerl.   
133 Timonius jambosella Thw.. * 
134 Trevesia burkii Boerl..   
135 Trichilia elegans * 
136 Vitex leptopotrys var. evrardii P. Dop.   
137 Vitex pierreana P. Dop * 
138 Vitex tripinnata (Lour.) Merr.. * 
139 Walsura cochinchinensis Harms.. * 
140 Walsura robusta Roxb..   
141 Xerospermum noronhianum (Bl.) Bl..   
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Appendix 9 
All species and exclusive species of Type IV to Type IIb for the regeneration 
 
“*” is the note for exclusive species 
No Species 
Exclusive 
species note 
1 Acmena acuminatissimum (Bl.) Merr. & Perry.   
2 Actephila nitidula Gagn..   
3 Actinodaphne rehderiane (All.) Kost.. * 
4 Aglaia anamensis Pell.. * 
5 Aglaia cambodiana (Pierre) Pierre & Pell.   
6 Aglaia edulis (Roxb.) Gray. * 
7 Allophylus serrulatus Radlk.. * 
8 Antidesma montanum Bl..   
9 Antidesma velutinum Tul.. * 
10 Aquilaria crassna Pierre ex Lec..   
11 Baccaurea ramiflora Lour.. * 
12 Baccaurea silvestris Lour. * 
13 Balakata baccata (Roxb.) Essia.   
14 Brownlowia tabularis Pierre. * 
15 Calophyllum polyanthum Wall. Ex Choisy. * 
16 Calophyllum rugosum P. F. Stev. * 
17 Carpinus poilanei A. Cam.. * 
18 Castanopsis echinophora Cam..   
19 Castanopsis indica (Roxb.) A. DC..   
20 Cinamomum balansae H. Lec..   
21 Cinnamomum orocolum Kost..   
22 Cinnamomum soncaurium (Ham.) Kost..   
23 Claoxylon indicum (Bl.) Endl. ex Hassk.. * 
24 Cratoxylon formosum (Jack.) Dyer. * 
25 Cratoxylum cochinchinensis (Lour.) Bl.. * 
26 Croton delpyi Gagn.. * 
27 Croton roxburghianus Bal.. * 
28 Cyathocalyx sumatranus Scheff.. * 
29 Decaspermum gracilentum(Hance) Merr. & Perry.   
30 Dillenia pentagyna Roxb.   
31 Diospyros kaki L.f.   
32 Diospyros longipedicellata Lec..   
33 Diospyros mollis Griff.   
34 Dracuntomelon dao (Blco) Merr. Ex Rolfe. * 
35 Dracuntomelon duperreanum Pierre. * 
36 Duabanga grandiflora (DC.) Walp. * 
37 Dysoxylum hoaensis (Pierre) Pell..   
38 Dysoxylum juglans (Hance) Pell.. * 
39 Elaeocarpus apiculatus Mast. In Hook.f..   
40 Elaeocarpus darlacensis Gagn..   
41 Elaeocarpus fleury Chev. Ex Gagn..   
42 Elaeocarpus grandiflorus J.E. Smith. * 
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43 Elaeocarpus grumosus Gagn..   
44 Elaeocarpus harmandii pierre. * 
45 Elaeocarpus kontumensis Gagn..   
46 Endospermum chinense Benth. * 
47 Engelhardia serrata Bl. Var. Cambodia Mann. * 
48 Eurya japonica Thunb..   
49 Ficus auriculata Lour. * 
50 Ficus costata Ait.. * 
51 Ficus esquiroliana Lévl.   
52 Ficus hispida L.f. var. hispida. * 
53 Ficus pisocarpa Bl. * 
54 Ficus variegata Bl. var. variegata.   
55 Ficus vascolusa Wall. Ex Miq. * 
56 Garcinia fusca Pierre.   
57 Garcinia gaudichaudii Planch. & Triana   
58 Garcinia oblongifolia Champ. Ex Benth.. * 
59 Garcinia vilersiana Pierre.   
60 Glochidion obliquum Dcne. * 
61 Greenia corymbosa (Jack) Shum..   
62 Grewia bulot Gagn..   
63 Harmandia mekongensis Pierre.   
64 Helicia obovatifolia Merr. & Chun. * 
65 Hopea helferi (Dyer) Brandis.   
66 Ilex rotunda Thunb..   
67 Irvingia malayana Oliv.   
68 Ixora eugenoides Pierre. * 
69 Ixora finlaysoniana Wall..   
70 Knema pachycarpa de Wilde.   
71 Lagerstroemia ovalifolia Teijsm. & Binn.. * 
72 Lindra annamensis * 
73 Lithocarpus chevalieri A.Cam.. * 
74 Lithocarpus coalitus (Hick. & Cam.).   
75 Lithocarpus corneus (Lour.) Rehd. * 
76 
Lithocarpus corneus var zonatus C.C. Huang & Y.T. 
Chang * 
77 Lithocarpus longepedicellata (H. & C.) A. Cam.. * 
78 Lithocarpus thomsonii (Miq.) Rehder.   
79 Litsea acutivena Hay..   
80 Litsea baviensis var. venulosa Liouho. * 
81 Litsea cubeba (Lour.) Pers.   
82 Litsea griffithii Gamble var. anamensis Liouho.   
83 Litsea lancifolia Hook. f.. * 
84 Litsea lancifolia var. alternifolia Meissn..   
85 Litsea monopetala (Roxb.) Pers.. * 
86 Litsea olongata (Nees) Benth. & Hook.f.   
87 Litsea verticillata Hance.   
88 Macclurodendron oligophlebia (Merr.) Hartl   
89 Madhuca pasquieri (Dub.) H.J. Lam.   
90 Mallotus eberhardii Gagn.. * 
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91 Mallotus philippensis (Lamk.) Muell.-Arg.. * 
92 Memecylon chevalieri Guill..   
93 Michelia constricta Dandy. * 
94 Millettia diptera Gagn.. * 
95 Nephelium lappaceum L.. * 
96 Nephelium melliferum Gagn..   
97 Ochrocarpus siamensis T.Anders..   
98 Ormosia remicastrata Hance. * 
99 Oroxylon indicum (L.) Vent.. * 
100 Ostodes pinaculata Bl..   
101 Phoebe angustifolia Meissn. var. annamensis Liouho * 
102 Phoebe lanceolata (Nees) Nees.   
103 Polyanthia cerasoides (Roxb.) Hook..   
104 Pterospermum diversifolium Bl.. * 
105 Pterospermum megalocarpum Tard..   
106 Quercus setulosa Hick. & Cam..   
107 Quercus setulosa Hick. Et Camus. * 
108 Rauwolfia reflexa Teijsm. & Binn.   
109 Rothmannia eucodon (K. Schum.) Brem..   
110 Sapium discolor (Benth.) Muell.-Arg..   
111 Schefflera leroyiana Shang. * 
112 Schima crenata Korth.   
113 Scolopia spinosa (Roxb.) Warb..   
114 Semecarpus annamensis Tard.. * 
115 Stelechocarpus cauliflorus (Scheff.) J. Sincl. * 
116 Stranvaeria nussia (Don) Dec. * 
117 Syzygium cinereum (Kurz) Chanlar   
118 Syzygium cumini (L.) Druce.   
119 Syzygium oblatum (Roxb.) A.M. & J.M. Cowan * 
120 Syzygium odoratum (Lour.) DC.. * 
121 Syzygium tinctorium (Gagn.) Merr. & perry. * 
122 Syzygium tramnion (Gagn.) Merr. & Perry. * 
123 Tarenna vanpruckii Craib..   
124 Taxotrophis macrophylla (Bl.) Boerl.   
125 Toona sureni (Bl.) Merr. * 
126 Trevesia burkii Boerl..   
127 Turpinia pomifera (Roxb.) DC.. * 
128 Villebrunea tonkinensis Gagn.. * 
129 Vitex leptobotrys var. evrardii P. Dop.   
130 Vitex pinnata L.. * 
131 Walsura robusta Roxb..   
132 Xerospermum noronhianum (Bl.) Bl..   
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Appendix 10 
All species and exclusive species of the overstorey to the regeneration in type IIb 
 
“*” is the note for exclusive species 
No Storey Species 
Exclusive 
species note 
1 Overstorey Acmena acuminatissimum (Bl.) Merr. & Perry.   
2 Overstorey Actephila nitidula Gagn..   
3 Overstorey Adinandra integerrima T. And.. * 
4 Overstorey Aglaia anamensis Pell.. * 
5 Overstorey Aglaia cambodiana (Pierre) Pierre & Pell.   
6 Overstorey Alangium kurzii Craib..   
7 Overstorey Alchornea annamica Gagnep. * 
8 Overstorey Alseodaphne percoriacea Kosterm. * 
9 Overstorey Alstonia angustifolia Wall..   
10 Overstorey Amesiodendron chinense (Merr.) Hu.   
11 Overstorey Antidesma chonmon Gagn.. * 
12 Overstorey Antidesma ghaesembilla Gaertn.. * 
13 Overstorey Antidesma montanum Bl..   
14 Overstorey Ardisia tinctoria Pit.. * 
15 Overstorey Artocarpus gomezianus Wall.. * 
16 Overstorey Azadiracta excelsa (Jack) Jacobs.   
17 Overstorey Baccaurea ramiflora Lour.. * 
18 Overstorey Baccaurea silvestris Lour.. * 
19 Overstorey Balakata baccata (Roxb.) Essia.   
20 Overstorey Bauhinia lorantha Pierre ex Gagnep. * 
21 Overstorey Beilschmiedia robertsonii Gamble.   
22 Overstorey Bischofia javanica Bl..   
23 Overstorey Bulbophyllum retusiusculum Rchb.f. * 
24 Overstorey Calophyllum polyanthum Wall. Ex Choisy. * 
25 Overstorey Canarium bengalense Roxb..   
26 Overstorey Castanopsis arietina Hick & Cam.. * 
27 Overstorey Castanopsis ceratacantha Rehd. & Wils..   
28 Overstorey Castanopsis indica (Roxb.) A. DC..   
29 Overstorey Castanopsis scortechinii Gamble.   
30 Overstorey Celtis philippense var Wightii. (Pl.) Soepadmo. * 
31 Overstorey Cinamomum balansae H. Lec..   
32 Overstorey Cinnamomum orocolum Kost..   
33 Overstorey Cinnamomum ovatum Allen * 
34 Overstorey Cinnamomum soncaurium (Ham.) Kost..   
35 Overstorey Claoxylon indicum Bl. Endl. Ex Hassk.. * 
36 Overstorey Cleistocalyx nervosum (DC.) Phamhoang.   
37 Overstorey Colona floribunda (Wall.) Craib. * 
38 Overstorey 
Cratoxylon formosum subsp. Prunifolium (Kurz) 
Gog..   
39 Overstorey Croton chevalieri Gagn..   
40 Overstorey Decaspermum gracilentum(Hance) Merr. & Perry.   
41 Overstorey Dillenia pentagyna Roxb..   
42 Overstorey Diospyros cauliflora Bl.. * 
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43 Overstorey Diospyros kaki L.f.   
44 Overstorey Diospyros longipedicellata Lec..   
45 Overstorey Diospyros salletii Lec.   
46 Overstorey Diospyros susarticulata Lec. * 
47 Overstorey Disoxylum hoaensis (Pirre) Pell..   
48 Overstorey Dracuntomelon dao (Blco) Merr. Ex Rolfe. * 
49 Overstorey Duabanga grandiflora (DC.) Walp. * 
50 Overstorey Dysoxylum binactariferum Hook.f. * 
51 Overstorey Elaeocarpus apiculatus Mast. In Hook.f..   
52 Overstorey Elaeocarpus darlacensis Gagn..   
53 Overstorey Elaeocarpus fleury Chev. Ex Gagn..   
54 Overstorey Elaeocarpus grumosus Gagn..   
55 Overstorey Elaeocarpus limitanus Hand.-Mazz..   
56 Overstorey Elaeocarpus nitentifolius Jack * 
57 Overstorey Endospermum chinense Benth.. * 
58 Overstorey Eurya japonica Thunb..   
59 Overstorey Ficus sumatrana Miq. var. sumatrana. * 
60 Overstorey Ficus variegata Bl. var. variegata.   
61 Overstorey Ficus vascolusa Wall. Ex Miq. * 
62 Overstorey Garcinia fusca Pierre.   
63 Overstorey Garcinia gaudichaudii Planch. & Triana   
64 Overstorey Garcinia oligantha Merr..   
65 Overstorey Garcinia vilersiana Pierre.   
66 Overstorey Glochidion obliquum Dene. * 
67 Overstorey Glycosmis craibii Tan.. * 
68 Overstorey Glycosmis pentaphylla Corr.   
69 Overstorey Greenia corymbosa (Jack) Shum..   
70 Overstorey Grewia bulot Gagn..   
71 Overstorey Guioa diplopetala (Hassk.) Radlk.   
72 Overstorey Harmandia mekongensis Pierre.   
73 Overstorey Homalium dasyanthum (Turcz.) Warb.. * 
74 Overstorey Hopea helferi (Dyer) Brandis.   
75 Overstorey Hopea odorata Roxb.. * 
76 Overstorey Hydnocarpus kurzii (King) Warb.. * 
77 Overstorey Ilex godajam Colebr..   
78 Overstorey Ilex rotunda Thunb..   
79 Overstorey Irvingia malayana Oliv.   
80 Overstorey Knema pachycarpa de Wilde.   
81 Overstorey Lagerstroemia calyculata Kurz. * 
82 Overstorey Lagerstroemia crispa Pierre ex Lan.. * 
83 Overstorey Litchi sinensis Radlk. * 
84 Overstorey Lithocarpus aggregatus A.Camus * 
85 Overstorey Lithocarpus harmandii (Hick & Cam.). Cam..   
86 Overstorey Lithocarpus leiostachyus A. Cam * 
87 Overstorey Lithocarpus longepedicellata (H. & C.) A. Cam.. * 
88 Overstorey Litsea brevipetiolata Lec..   
89 Overstorey Litsea elongata (Ness) Benth.& Hook.f.   
90 Overstorey Litsea griffithii Gamble var. anamensis Liouho.   
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91 Overstorey Litsea lancifolia var. alternifolia Meissn..   
92 Overstorey Litsea lancilimba Merr.. * 
93 Overstorey Litsea monopetala (Roxb.) Pers.. * 
94 Overstorey Litsea olongata (Nees) Benth. & Hook.f.   
95 Overstorey Litsea verticillata Hance.   
96 Overstorey Macaranga indica Wight. * 
97 Overstorey Macaranga kurzii (Kuntze) Pax et H.Hoffm. * 
98 Overstorey Macclurodendron oligophlebia (Merr.) Hartl   
99 Overstorey Machilus thunbergii Sieb. & Zucc. * 
100 Overstorey Madhuca butyrospermoides Chev. * 
101 Overstorey Madhuca pasquieri (Dub.) H.J. Lam.   
102 Overstorey Mangifera minutifolia Evr.   
103 Overstorey Memecylon chevalieri Guill..   
104 Overstorey Michelia constricta Dandy. * 
105 Overstorey Nageia wallichiana (Presl) O. Ktze. * 
106 Overstorey Nephelium melliferum Gagn..   
107 Overstorey Ochrocarpus siamensis T.Anders..   
108 Overstorey Ormelia philippina (Turcz.) F. Villar. * 
109 Overstorey Ostodes pinaculata Bl..   
110 Overstorey Palaquium obovatum (Griff.) Engler var. obovatum. * 
111 Overstorey 
Peltophorum pterocarpum (A.P. de Cand.) Back. ex 
Heyne. * 
112 Overstorey Phoebe lanceolata (Nees) Ness.   
113 Overstorey Podocarpus neriifolius D. Don.   
114 Overstorey Polyanthia cerasoides (Roxb.) Hook..   
115 Overstorey Prunus fordiana var. balansae (Koehne) J.E. Vid..   
116 Overstorey Pterocarpus macrocarpus Kurz. * 
117 Overstorey Pterospermum argenteum Tard..   
118 Overstorey Pterospermum diversifolium Bl..   
119 Overstorey Quercus austrocochinchinensis Hick. & Cam   
120 Overstorey Quercus fructisepta A.Camus   
121 Overstorey Quercus poilanei Hick. & Cam.. * 
122 Overstorey Randia fasciculata (Roxb.) DC. Var. multiflora Pit..   
123 Overstorey Rauwolfia reflexa Teijsm. & Binn.   
124 Overstorey Rothmania vietnamensis Tirv.   
125 Overstorey Sapium discolor (Benth.) Muell.-Arg..   
126 Overstorey Sapium rotundifolium Benth. * 
127 Overstorey Schefflera kontumensis Bùi.   
128 Overstorey Schima crenata Korth.   
129 Overstorey Spondias pinnata (Koenig & L.f.) Kurz. * 
130 Overstorey Sterculia cochinchinensis Pierre. * 
131 Overstorey Strereospermum cylindricum Pierre ex Dop. * 
132 Overstorey Syzygium cinereum (Kurz) Chanlar   
133 Overstorey Syzygium cumini (L.) Druce.   
134 Overstorey Syzygium oblatum (Roxb.) A.M. & J.M. Cowan * 
135 Overstorey Syzygium tramnion (Gagn.) Merr. & Perry. * 
136 Overstorey Tabernaemontana bovina Lour.. * 
137 Overstorey Taxotrophis macrophylla (Bl.) Boerl.   
138 Overstorey Toona sureni Bl. Merr. * 
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139 Overstorey Trevesia burkii Boerl..   
140 Overstorey Trichilia elegans   
141 Overstorey Turpinia pomifera (Roxb.) DC.. * 
142 Overstorey Vitex leptobotrys var. evrardii P. Dop.   
143 Overstorey Vitex pierreana P. Dop   
144 Overstorey Vitex pinnata L.. * 
145 Overstorey Vitex tripinnata (Lour.) Merr..   
146 Overstorey Winchia calophylla A.DC. * 
147 Overstorey Xerospermum noronhianum (Bl.) Bl..   
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Appendix 11 
All species and exclusive species of the regeneration to the overstorey in type IIb 
 
“*” is the note for exclusive species 
No Storey Species 
Exclusive 
species note 
1 Regeneration Acer heptaphlebium Gagn.. * 
2 Regeneration Acmena acuminatissimum (Bl.) Merr. & Perry.   
3 Regeneration Actephila nitidula Gagn..   
4 Regeneration Acuba japonica Thunb.. * 
5 Regeneration Aglaia cambodiana (Pierre) Pierre & Pell.   
6 Regeneration Alangium kurzii Craib.   
7 Regeneration Alstonia angustifolia Wall..   
8 Regeneration Amesiodendron chinense (Merr.) Hu.   
9 Regeneration Antidesma montanum Bl.   
10 Regeneration Aporosa planchoniana H.Br. * 
11 Regeneration Aquilaria crassna Pierre ex Lec.. * 
12 Regeneration Aucuba japonica Thunb.. * 
13 Regeneration Azadiracta excelsa (Jack) Jacobs.   
14 Regeneration Balakata baccata (Roxb.) Essia.   
15 Regeneration Beilschmiedia robertsonii Gamble.   
16 Regeneration Bischofia javanica Bl..   
17 Regeneration Calophyllum balansae Pit.. * 
18 Regeneration Canarium bengalense Roxb..   
19 Regeneration Canarium lyi ??i & Yakol.. * 
20 Regeneration Castanopsis armata (Roxb.) Spach.. * 
21 Regeneration Castanopsis ceratacantha Rehd. & Wils..   
22 Regeneration Castanopsis echinophora Cam.. * 
23 Regeneration Castanopsis indica (Roxb.) A. DC..   
24 Regeneration Castanopsis longipetiolata Hick.& Cam.. * 
25 Regeneration Castanopsis scortechinii Gamble.   
26 Regeneration Cinamomum balansae H. Lec..   
27 Regeneration Cinnamomum orocolum Kost..   
28 Regeneration Cinnamomum soncaurium (Ham.) Kost..   
29 Regeneration Cleistocalyx nervosum (DC.) Phamhoang.   
30 Regeneration Colona evecta (Pierre) Gagn.. * 
31 Regeneration 
Cratoxylon formosum subsp. Prunifolium (Kurz) 
Gog..   
32 Regeneration Croton chevalieri Gagn..   
33 Regeneration Croton cubiensis Gagn.. * 
34 Regeneration Croton maieuticus Gagn.. * 
35 Regeneration Dalbergia hancei Benth. * 
36 Regeneration Decaspermum gracilentum(Hance) Merr. & Perry.   
37 Regeneration Dillenia indica L. * 
38 Regeneration Dillenia pentagyna Roxb.   
39 Regeneration Diospyros kaki L.f.   
40 Regeneration Diospyros longipedicellata Lec..   
41 Regeneration Diospyros mollis Griff. * 
42 Regeneration Diospyros pilosanthera Blco.. * 
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43 Regeneration Diospyros salletii Lec.   
44 Regeneration Disoxylum binateriferum Hook.f.. * 
45 Regeneration Disoxylum hoaensis (Pirre) Pell..   
46 Regeneration Disoxylum juglans (Hance) Pell.. * 
47 Regeneration Dysoxylum hoaensis (Pierre) Pell.. * 
48 Regeneration Elaeocarpus apiculatus Mast. In Hook.f..   
49 Regeneration Elaeocarpus darlacensis Gagn..   
50 Regeneration Elaeocarpus fleury Chev. Ex Gagn..   
51 Regeneration Elaeocarpus grumosus Gagn..   
52 Regeneration Elaeocarpus kontumensis Gagn.. * 
53 Regeneration Elaeocarpus limitanus Hand.-Mazz..   
54 Regeneration Eurya japonica Thunb..   
55 Regeneration Ficus esquiroliana Lévl. * 
56 Regeneration Ficus hirta var. brevipila Corn. * 
57 Regeneration Ficus stenophylla Hemsl. var. stenophylla. * 
58 Regeneration Ficus variegata Bl. var. variegata.   
59 Regeneration Garcinia fusca Pierre.   
60 Regeneration Garcinia gaudichaudii Planch. & Triana   
61 Regeneration Garcinia oligantha Merr..   
62 Regeneration Garcinia vilersiana Pierre.   
63 Regeneration Glochidion littorale Bl. * 
64 Regeneration Glycosmis pentaphylla Corr.   
65 Regeneration Gordonia intricata Gagn.. * 
66 Regeneration Greenia corymbosa (Jack) Shum..   
67 Regeneration Grewia bulot Gagn..   
68 Regeneration Guioa diplopetala (Hassk.) Radlk.   
69 Regeneration Harmandia mekongensis Pierre.   
70 Regeneration Hopea helferi (Dyer) Brandis.   
71 Regeneration Hymenocarpum odoratum Pierre ex Pit.. * 
72 Regeneration Ilex godajam Colebr..   
73 Regeneration Ilex rotunda Thunb..   
74 Regeneration Irvingia malayana Oliv.   
75 Regeneration Ixora finlaysoniana Wall.. * 
76 Regeneration Knema pachycarpa de Wilde.   
77 Regeneration Lithocarpus coalitus (Hick. & Cam.). * 
78 Regeneration Lithocarpus harmandii (Hick & Cam.). Cam..   
79 Regeneration Lithocarpus lepidocarpus (Hay.) Hay. * 
80 Regeneration Lithocarpus thomsonii (Miq.) Rehder. * 
81 Regeneration Litsea acutivena Hay.. * 
82 Regeneration Litsea baviensis var. * 
83 Regeneration Litsea brevipetiolata Lec..   
84 Regeneration Litsea cubeba (Lour.) Pers.. * 
85 Regeneration Litsea elongata (Ness) Benth.& Hook.f.   
86 Regeneration Litsea griffithii Gamble var. anamensis Liouho.   
87 Regeneration Litsea lancifolia var. alternifolia Meissn..   
88 Regeneration Litsea olongata (Nees) Benth. & Hook.f.   
89 Regeneration Litsea salmonca Chev.. * 
90 Regeneration Litsea verticillata Hance.   
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91 Regeneration Macaranga denticulata (Bl.) Muell.-Arg.. * 
92 Regeneration Macclurodendron oligophlebia (Merr.) Hartl   
93 Regeneration Madhuca pasquieri (Dub.) H.J. Lam.   
94 Regeneration Mangifera minutifolia Evr.   
95 Regeneration Meiogyne subsessilis (Ast) Sincl.. * 
96 Regeneration Memecylon chevalieri Guill..   
97 Regeneration Memecylon edule Roxb.. * 
98 Regeneration Michelia kisopa Buch.-Han. Ex DC.. * 
99 Regeneration Neolitsea angustifolia Chev.. * 
100 Regeneration Nephelium melliferum Gagn..   
101 Regeneration Ochrocarpus siamensis T.Anders..   
102 Regeneration Ostodes pinaculata Bl..   
103 Regeneration Pavieria annamensis Pierre. * 
104 Regeneration Phoebe lanceolata (Nees) Nees.   
105 Regeneration Podocarpus neriifolius D. Don.   
106 Regeneration Polyalthia corticosa (Pierre) Fin. & Gagn.. * 
107 Regeneration Polyanthia cerasoides (Roxb.) Hook..   
108 Regeneration Pothos pilulifer Wall. * 
109 Regeneration Prunus fordiana var. balansae (Koehne) J.E. Vid..   
110 Regeneration Pterospermum argenteum Tard..   
111 Regeneration Pterospermum diversifolium   
112 Regeneration Pterospermum grandiflorum Craib. * 
113 Regeneration Pterospermum megalocarpum Tard.. * 
114 Regeneration Pterspermum diversifolium Bl.. * 
115 Regeneration Quercus austrocochinchinensis Hick. & Cam   
116 Regeneration Quercus fructisepta A. Cam..   
117 Regeneration Quercus setulosa Hick. & Cam.. * 
118 Regeneration Randia faciculata var. Indica Pit.. * 
119 Regeneration Randia fasciculata(Roxb.) DC. var. multiflora Pit..   
120 Regeneration Rauwolfia reflexa Teijsm. & Binn.   
121 Regeneration Rothmania vietnamensis Tirv.   
122 Regeneration Rothmannia eucodon (K. Schum.) Brem.. * 
123 Regeneration Sapium discolor (Benth.) Muell.-Arg..   
124 Regeneration Schefflera kontumensis Bùi.   
125 Regeneration Schima crenata Korth.   
126 Regeneration Scolopia spinosa (Roxb.) Warb.. * 
127 Regeneration Syzygium cinereum (Kurz) Chanlar   
128 Regeneration Syzygium cumini (L.) Druce.   
129 Regeneration Syzygium zeylanicum (L.) DC.. * 
130 Regeneration Tabernaemontana pauciflora Bl.. * 
131 Regeneration Tarenna vanpruckii Craib.. * 
132 Regeneration Taxotrophis macrophylla (Bl.) Boerl.   
133 Regeneration Timonius jambosella Thw.. * 
134 Regeneration Trevesia burkii Boerl..   
135 Regeneration Trichilia elegans   
136 Regeneration Vitex leptopotrys var. evrardii P. Dop.   
137 Regeneration Vitex pierreana P. Dop   
138 Regeneration Vitex tripinnata (Lour.) Merr..   
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139 Regeneration Walsura cochinchinensis Harms.. * 
140 Regeneration Walsura robusta Roxb.. * 
141 Regeneration Xerospermum noronhianum (Bl.) Bl..   
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Appendix 12 
All species and exclusive species of the overstorey to the regeneration in type IV 
 
“*” is the note for exclusive species 
No Storey Species 
Exclusive 
species note 
1 Overstorey Schima crenata Korth.   
2 Overstorey Syzygium oblatum (Roxb.) A.M. & J.M. Cowan   
3 Overstorey Lithocarpus thomsonii (Miq.) Rehder.   
4 Overstorey Elaeocarpus grumosus Gagn..   
5 Overstorey Turpinia pomifera (Roxb.) DC..   
6 Overstorey Ostodes pinaculata Bl..   
7 Overstorey Dracuntomelon dao (Blco) Merr. Ex Rolfe.   
8 Overstorey Elaeocarpus darlacensis Gagn..   
9 Overstorey Dracuntomelon duperreanum Pierre.   
10 Overstorey Lithocarpus longepedicellata (H. & C.) A. Cam..   
11 Overstorey Vitex pinnata L..   
12 Overstorey 
Tristaniopsis burmanica (Griffith) Wills. & 
Waterhouse. * 
13 Overstorey Pterospermum argenteum Tard.. * 
14 Overstorey Cleidion brevipetiolatum Pax & Hoffm.. * 
15 Overstorey Lithocarpus coalitus (Hick. & Cam.).   
16 Overstorey Walsura robusta Roxb..   
17 Overstorey Syzygium pachysarcum (Gagn.) Merr. & Perry. * 
18 Overstorey Quercus setulosa Hick. Et Camus.   
19 Overstorey Litsea griffithii Gamble var. anamensis Liouho.   
20 Overstorey Grewia bulot Gagn..   
21 Overstorey Ormosia remicastrata Hance.   
22 Overstorey Elaeocarpus fleury Chev. Ex Gagn..   
23 Overstorey Ilex rotunda Thunb..   
24 Overstorey Irvingia malayana Oliv.   
25 Overstorey Garcinia fusca Pierre.   
26 Overstorey Ficus sumatrana Miq. var. sumatrana. * 
27 Overstorey Celtis philippense var Wightii. (Pl.) Soepadmo. * 
28 Overstorey Diospyros mollis Griff.   
29 Overstorey Elaeocarpus apiculatus Mast. In Hook.f..   
30 Overstorey Syzygium tinctorium (Gagn.) Merr. & perry.   
31 Overstorey Nephelium lappaceum L..   
32 Overstorey Terminalia calamansanai (Bl.) Rolfe. * 
33 Overstorey Polyanthia cerasoides (Roxb.) Hook..   
34 Overstorey Pometia pinnata J.R. & G. Forst.. * 
35 Overstorey Azadiracta excelsa (Jack) Jacobs. * 
36 Overstorey Knema pachycarpa de Wilde.   
37 Overstorey Pterospermum diversifolium Bl..   
38 Overstorey Syzygium cumini (L.) Druce.   
39 Overstorey Syzygium tramnion (Gagn.) Merr. & Perry.   
40 Overstorey Nephelium melliferum Gagn..   
41 Overstorey Antidesma montanum Bl..   
42 Overstorey Macclurodendron oligophlebia (Merr.) Hartl   
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43 Overstorey Cratoxylum cochinchinensis (Lour.) Bl..   
44 Overstorey Diospyros kaki L.f.   
45 Overstorey Ficus pisocarpa Bl.   
46 Overstorey Dillenia ovata Wall. ex Hook.f. et Thwaites * 
47 Overstorey Garcinia gaudichaudii Planch. & Triana   
48 Overstorey Hydnocarpus kurzii (King) Warb.. * 
49 Overstorey Ficus vascolusa Wall. Ex Miq.   
50 Overstorey Ilex godajam Colebr.. * 
51 Overstorey Garcinia vilersiana Pierre.   
52 Overstorey Litsea olongata (Nees) Benth. & Hook.f.   
53 Overstorey Engelhardia serrata Bl. Var. Cambodia Mann.   
54 Overstorey Rothmannia eucodon (K. Schum.) Brem..   
55 Overstorey Disoxylum hoaensis (Pirre) Pell.. * 
56 Overstorey Litsea verticillata Hance.   
57 Overstorey Lithocarpus corneus (Lour.) Rehd.   
58 Overstorey Dillenia pentagyna Roxb..   
59 Overstorey Cinamomum balansae H. Lec..   
60 Overstorey Balakata baccata (Roxb.) Essia.   
61 Overstorey Winchia calophylla A.DC. * 
62 Overstorey Ochrocarpus siamensis T.Anders..   
63 Overstorey Litsea monopetala (Roxb.) Pers..   
64 Overstorey Canarium bengalense Roxb.. * 
65 Overstorey Bischofia javanica Bl.. * 
66 Overstorey Croton chevalieri Gagn.. * 
67 Overstorey Xerospermum noronhianum (Bl.) Bl..   
68 Overstorey Elaeocarpus grandiflorus J.E. Smith.   
69 Overstorey Antidesma ghaesembilla Gaertn.. * 
70 Overstorey Vitex leptobotrys var. evrardii P. Dop.   
71 Overstorey Garcinia merguensis Wight. * 
72 Overstorey Michelia constricta Dandy.   
73 Overstorey Betula alnoides Buch.-Ham.. * 
74 Overstorey Dysoxylum binactariferum Hook.f. * 
75 Overstorey Carpinus poilanei A. Cam..   
76 Overstorey Elaeocarpus harmandii pierre.   
77 Overstorey Mallotus eberhardii Gagn..   
78 Overstorey Bombax thorelii Gagn.. * 
79 Overstorey Randia fasciculata (Roxb.) DC. Var. multiflora Pit.. * 
80 Overstorey Quercus asymmetricus Hick. & Cam.. * 
81 Overstorey Diospyros longipedicellata Lec..   
82 Overstorey Endospermum chinense Benth..   
83 Overstorey Cinnamomum soncaurium (Ham.) Kost..   
84 Overstorey Pterocarpus macrocarpus Kurz. * 
85 Overstorey Macaranga kurzii (Kuntze) Pax et H.Hoffm. * 
86 Overstorey Duabanga grandiflora (DC.) Walp.   
87 Overstorey Dalbergia burmanica Prain. * 
88 Overstorey Litsea brevipetiolata Lec.. * 
89 Overstorey Lagerstroemia ovalifolia Teijsm. & Binn..   
90 Overstorey Palaquium polyanthum (Wall.) Baillon. * 
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91 Overstorey Shorea roxburghii G.Don. * 
92 Overstorey Barringtonia angusta Kurz. * 
93 Overstorey Ficus costata Ait..   
94 Overstorey Ficus altissima Bl. * 
95 Overstorey Lithocarpus leiostachyus A. Cam * 
96 Overstorey Aglaia edulis (Roxb.) Gray.   
97 Overstorey Guioa diplopetala (Hassk.) Radlk. * 
98 Overstorey Alseodaphne rhodendropsis Kost.. * 
99 Overstorey Vitex pierreana P. Dop * 
100 Overstorey Taxotrophis macrophylla (Bl.) Boerl.   
101 Overstorey Macaranga indica Wight. * 
102 Overstorey Michelia mediocris Dandy. * 
103 Overstorey Dipterocarpus obtusifolius * 
104 Overstorey Wendlandia paniculata (Roxb.) DC.. * 
105 Overstorey Canarium album (Lour.) Raeusch. ex. DC.. * 
106 Overstorey 
Lithocarpus corneus var. zonatus C.C. Huang & Y.T. 
Chang.   
107 Overstorey Artocarpus gomezianus Wall.. * 
108 Overstorey Cratoxylon formosum (Jack.) Dyer.   
109 Overstorey Ficus superba var. Japonica Miq.. * 
110 Overstorey Acmena acuminatissimum (Bl.) Merr. & Perry.   
111 Overstorey Castanopsis ceratacantha Rehd. & Wils.. * 
112 Overstorey Diospyros salletii Lec. * 
113 Overstorey Garcinia oblonggifolia Champ. Ex Benth..   
114 Overstorey Ormosia ormondii * 
115 Overstorey Harmandia mekongensis Pierre.   
116 Overstorey Hopea helferi (Dyer) Brandis.   
117 Overstorey Memecylon chevalieri Guill..   
118 Overstorey Elaeocarpus stipularis (E. thorelli) Blume * 
119 Overstorey Litsea elongata (Ness) Benth.& Hook.f. * 
120 Overstorey Actephila nitidula Gagn..   
121 Overstorey Alstonia angustifolia Wall.. * 
122 Overstorey Pterospermum mucronatum Tardieu * 
123 Overstorey Diospyros latisepala Ridl. * 
124 Overstorey Spondias pinnata (Koenig & L.f.) Kurz. * 
125 Overstorey Sapium rotundifolium Benth. * 
126 Overstorey Bridelia monoica (Lour.) Merr. * 
127 Overstorey Syzygium cinereum (Kurz) Chanlar   
128 Overstorey Ficus hispida L.f. var. hispida.   
129 Overstorey Palaquium annamense Lec.. * 
130 Overstorey Castanopsis arietina Hick & Cam.. * 
131 Overstorey Litchi sinensis Radlk. * 
132 Overstorey Croton longipes Gagnep. * 
133 Overstorey Quercus megalocarpa A.Camus * 
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Appendix 13 
All species and exclusive species of the regeneration to the overstorey in type IV 
 
“*” is the note for exclusive species 
No Storey Species 
Exclusive 
species note 
1 Regeneration Acmena acuminatissimum (Bl.) Merr. & Perry.   
2 Regeneration Actephila nitidula Gagn..   
3 Regeneration Actinodaphne rehderiane (All.) Kost.. * 
4 Regeneration Aglaia anamensis Pell.. * 
5 Regeneration Aglaia cambodiana (Pierre) Pierre & Pell. * 
6 Regeneration Aglaia edulis (Roxb.) Gray.   
7 Regeneration Allophylus serrulatus Radlk.. * 
8 Regeneration Antidesma montanum Bl..   
9 Regeneration Antidesma velutinum Tul.. * 
10 Regeneration Aquilaria crassna Pierre ex Lec.. * 
11 Regeneration Baccaurea ramiflora Lour.. * 
12 Regeneration Baccaurea silvestris Lour. * 
13 Regeneration Balakata baccata (Roxb.) Essia.   
14 Regeneration Brownlowia tabularis Pierre. * 
15 Regeneration Calophyllum polyanthum Wall. Ex Choisy. * 
16 Regeneration Calophyllum rugosum P. F. Stev. * 
17 Regeneration Carpinus poilanei A. Cam..   
18 Regeneration Castanopsis echinophora Cam.. * 
19 Regeneration Castanopsis indica (Roxb.) A. DC.. * 
20 Regeneration Cinamomum balansae H. Lec..   
21 Regeneration Cinnamomum orocolum Kost.. * 
22 Regeneration Cinnamomum soncaurium (Ham.) Kost..   
23 Regeneration Claoxylon indicum (Bl.) Endl. ex Hassk.. * 
24 Regeneration Cratoxylon formosum (Jack.) Dyer.   
25 Regeneration Cratoxylum cochinchinensis (Lour.) Bl..   
26 Regeneration Croton delpyi Gagn.. * 
27 Regeneration Croton roxburghianus Bal.. * 
28 Regeneration Cyathocalyx sumatranus Scheff.. * 
29 Regeneration Decaspermum gracilentum(Hance) Merr. & Perry. * 
30 Regeneration Dillenia pentagyna Roxb.   
31 Regeneration Diospyros kaki L.f.   
32 Regeneration Diospyros longipedicellata Lec..   
33 Regeneration Diospyros mollis Griff.   
34 Regeneration Dracuntomelon dao (Blco) Merr. Ex Rolfe.   
35 Regeneration Dracuntomelon duperreanum Pierre.   
36 Regeneration Duabanga grandiflora (DC.) Walp.   
37 Regeneration Dysoxylum hoaensis (Pierre) Pell.. * 
38 Regeneration Dysoxylum juglans (Hance) Pell.. * 
39 Regeneration Elaeocarpus apiculatus Mast. In Hook.f..   
40 Regeneration Elaeocarpus darlacensis Gagn..   
41 Regeneration Elaeocarpus fleury Chev. Ex Gagn..   
42 Regeneration Elaeocarpus grandiflorus J.E. Smith.   
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43 Regeneration Elaeocarpus grumosus Gagn..   
44 Regeneration Elaeocarpus harmandii pierre.   
45 Regeneration Elaeocarpus kontumensis Gagn.. * 
46 Regeneration Endospermum chinense Benth.   
47 Regeneration Engelhardia serrata Bl. Var. Cambodia Mann.   
48 Regeneration Eurya japonica Thunb.. * 
49 Regeneration Ficus auriculata Lour. * 
50 Regeneration Ficus costata Ait..   
51 Regeneration Ficus esquiroliana Lévl. * 
52 Regeneration Ficus hispida L.f. var. hispida.   
53 Regeneration Ficus pisocarpa Bl.   
54 Regeneration Ficus variegata Bl. var. variegata. * 
55 Regeneration Ficus vascolusa Wall. Ex Miq.   
56 Regeneration Garcinia fusca Pierre.   
57 Regeneration Garcinia gaudichaudii Planch. & Triana   
58 Regeneration Garcinia oblongifolia Champ. Ex Benth..   
59 Regeneration Garcinia vilersiana Pierre.   
60 Regeneration Glochidion obliquum Dcne. * 
61 Regeneration Greenia corymbosa (Jack) Shum.. * 
62 Regeneration Grewia bulot Gagn..   
63 Regeneration Harmandia mekongensis Pierre.   
64 Regeneration Helicia obovatifolia Merr. & Chun. * 
65 Regeneration Hopea helferi (Dyer) Brandis.   
66 Regeneration Ilex rotunda Thunb..   
67 Regeneration Irvingia malayana Oliv.   
68 Regeneration Ixora eugenoides Pierre. * 
69 Regeneration Ixora finlaysoniana Wall.. * 
70 Regeneration Knema pachycarpa de Wilde.   
71 Regeneration Lagerstroemia ovalifolia Teijsm. & Binn..   
72 Regeneration Lindra annamensis * 
73 Regeneration Lithocarpus chevalieri A.Cam.. * 
74 Regeneration Lithocarpus coalitus (Hick. & Cam.).   
75 Regeneration Lithocarpus corneus (Lour.) Rehd.   
76 Regeneration 
Lithocarpus corneus var zonatus C.C. Huang & 
Y.T. Chang   
77 Regeneration Lithocarpus longepedicellata (H. & C.) A. Cam..   
78 Regeneration Lithocarpus thomsonii (Miq.) Rehder.   
79 Regeneration Litsea acutivena Hay.. * 
80 Regeneration Litsea baviensis var. venulosa Liouho. * 
81 Regeneration Litsea cubeba (Lour.) Pers. * 
82 Regeneration Litsea griffithii Gamble var. anamensis Liouho.   
83 Regeneration Litsea lancifolia Hook. f.. * 
84 Regeneration Litsea lancifolia var. alternifolia Meissn.. * 
85 Regeneration Litsea monopetala (Roxb.) Pers..   
86 Regeneration Litsea olongata (Nees) Benth. & Hook.f.   
87 Regeneration Litsea verticillata Hance.   
88 Regeneration Macclurodendron oligophlebia (Merr.) Hartl   
89 Regeneration Madhuca pasquieri (Dub.) H.J. Lam. * 
90 Regeneration Mallotus eberhardii Gagn..   
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91 Regeneration Mallotus philippensis (Lamk.) Muell.-Arg.. * 
92 Regeneration Memecylon chevalieri Guill..   
93 Regeneration Michelia constricta Dandy.   
94 Regeneration Millettia diptera Gagn.. * 
95 Regeneration Nephelium lappaceum L..   
96 Regeneration Nephelium melliferum Gagn..   
97 Regeneration Ochrocarpus siamensis T.Anders..   
98 Regeneration Ormosia remicastrata Hance.   
99 Regeneration Oroxylon indicum (L.) Vent.. * 
100 Regeneration Ostodes pinaculata Bl..   
101 Regeneration 
Phoebe angustifolia Meissn. var. annamensis 
Liouho * 
102 Regeneration Phoebe lanceolata (Nees) Nees. * 
103 Regeneration Polyanthia cerasoides (Roxb.) Hook..   
104 Regeneration Pterospermum diversifolium Bl..   
105 Regeneration Pterospermum megalocarpum Tard.. * 
106 Regeneration Quercus setulosa Hick. & Cam.. * 
107 Regeneration Quercus setulosa Hick. Et Camus.   
108 Regeneration Rauwolfia reflexa Teijsm. & Binn. * 
109 Regeneration Rothmannia eucodon (K. Schum.) Brem..   
110 Regeneration Sapium discolor (Benth.) Muell.-Arg.. * 
111 Regeneration Schefflera leroyiana Shang. * 
112 Regeneration Schima crenata Korth.   
113 Regeneration Scolopia spinosa (Roxb.) Warb.. * 
114 Regeneration Semecarpus annamensis Tard.. * 
115 Regeneration Stelechocarpus cauliflorus (Scheff.) J. Sincl. * 
116 Regeneration Stranvaeria nussia (Don) Dec. * 
117 Regeneration Syzygium cinereum (Kurz) Chanlar   
118 Regeneration Syzygium cumini (L.) Druce.   
119 Regeneration Syzygium oblatum (Roxb.) A.M. & J.M. Cowan   
120 Regeneration Syzygium odoratum (Lour.) DC.. * 
121 Regeneration Syzygium tinctorium (Gagn.) Merr. & perry.   
122 Regeneration Syzygium tramnion (Gagn.) Merr. & Perry.   
123 Regeneration Tarenna vanpruckii Craib.. * 
124 Regeneration Taxotrophis macrophylla (Bl.) Boerl.   
125 Regeneration Toona sureni (Bl.) Merr. * 
126 Regeneration Trevesia burkii Boerl.. * 
127 Regeneration Turpinia pomifera (Roxb.) DC..   
128 Regeneration Villebrunea tonkinensis Gagn.. * 
129 Regeneration Vitex leptobotrys var. evrardii P. Dop.   
130 Regeneration Vitex pinnata L..   
131 Regeneration Walsura robusta Roxb..   
132 Regeneration Xerospermum noronhianum (Bl.) Bl..   
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